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This Brief on Appeal (submitted in triplicate) follows the Notice of Appeal 
fi ,ed May 29. 200! and the response to the Final Office Action mailed on November 
29 2000. Appelant submits concurrently herewith 0, a Petition for Extension of 
Time for a period cf five months „rom July 29, 200f up to and including December 



31 , 2001 , as December 29 falls on a Saturday) accompanied by the required fee; and 
(2) the required fee for this Brief. It is believed that no additional fees are required for 
these submissions. However, should it be determined that additional fees are required 
or that any refund is due in connection with this application, the Commissioner is 
hereby authorized to charge the required fee(s) and/or credit the refund(s) due to 
Deposit Account No. 04-0100. 

1 . The Real Party in Interest 

Thomas Jefferson University (TJU), Philadelphia, Pennsylvania, is the 
assignee of this application. Avax Technologies, Inc., of Overland Park, Kansas 
(Avax), has an exclusive license from TJU. Accordingly, Avax is a real party in 
interest. 

2. Related Appeals and Interferences 

There are no related appeals or intereferences. 

3. Status of Claims 
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Claims 43, 44, 47, 49-62, 64-72, and 74-77 are pending and the final 
rejection of all of these claims is the subject of this Brief. A copy of the pending 
claims is attached as an Appendix immediately following this Brief. 



4. Status of Amendments 

Appellant filed an amendment May 29, 2001 in response to the Final 
Office Action dated November 29, 2000. The Examiner entered this amendment 
pursuant to the Advisory Action dated July 5, 2001 (copy attached as Exhibit 1). 

5. Summary of the Invention 

The present invention concerns a composition comprising human tumor 
cells (other than melanoma cells) conjugated with a hapten. 1 Such haptenized tumor 
cells have been surprisingly and unexpectedly discovered to form an effective 
immunogenic component in a vaccine composition for immunotherapy of cancer of the 
type from which the cells were derived. The haptenized tumor cells are obtained from 
the patient receiving treatment (i.e., they are "autologous"), and are rendered incapable 
of growing in the body of a human upon injection therein. 

1 A hapten is a small molecule that, when conjugated to a carrier, can elicit 
a specific immune response. Preferred haptens include the highly reactive 
dinitrophenyl and trinitrophenyl groups. (Specification, page 15, lines 4-9). 
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In another aspect, the invention provides a method for treating a 
malignant tumor (other than melanoma) in a human patient by co-administering a 
composition comprising haptenized autologous human tumor cells of the same tumor 
type as the tumor in the patient, along with an adjuvant. The composition elicits at 
least one of the following upon administration to the patient with the adjuvant: an 
inflammatory immune response against the tumor of the patient; a delayed-type 
hypersensitivity response against the tumor of the patient; and activated T 
lymphocytes that infiltrate the tumor of the patient. 

In a further aspect, the invention provides a method for treating a 
malignant tumor in a human patient by co-administering a composition comprising 
haptenized autologous human tumor cells of the same tumor type as the tumor in the 
patient, along with an adjuvant, at least six times. In still a further embodiment, the 
patient receives a dose of cyclophosphamide prior to the first administration of the 
composition. 

The composition of the invention represents an advance over prior 
experiments involving haptenization of tumor and other cells for testing in animal 
models. Prior art experiments suggested that haptenization results in hapten-specific 
immunity. Such immunity would not proved useful for generating an effective immune 
response against metastasized tumor cells or tumor cells remaining after tumor 
resection because the residual tumor cells in a patient do not bear hapten. 
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The invention addresses a need in the art for an effective immunotherapy 
for tumors, especially non-melanoma tumors. Administering haptenized tumor cells 
unexpectedly increases the effectiveness of the resulting tumor-specific immune 
response, especially with six or more immunizations, resulting in a more effective 
immunotherapy. Most importantly, the inventor has discovered that the protective 
immunity is not hapten-specific, which the prior art suggested would be the case. 



6. Issues 



The only remaining issues in this application concern obviousness of the 
claims over various combinations of references as set forth below. 2 

a. The rejection over Murphy, Berd 1989, Geczy, and the Antibody 
Patents: Claims 47, 65-72 and74-77 stand rejected as allegedly being obvious (see 



2 The Examiner withdrew the rejection of claims 43, 49-51 , and 54-55 for 
allegedly not being enabled by the disclosure in the Advisory Action (Exhibit 1 ) in 
view of the amendment of claim 43 to recite that the composition of the invention 
elicits, when administered together with an adjuvant, an immune response. In a 
previous Office Action, the Examiner stated that the specification enables a method 
for treating a malignant tumor in a human patient comprising administering the 
composition of claim 43 {i.e., haptenized autologous non-melanoma tumor cells) 
and BCG (Office Action dated April 28, 1999 [Exhibit _; Paper No. 36], paragraph 
No. 6). The specification supports this recitation, e.g., Examples 2 and 3 report 
eliciting a striking inflammatory response when the composition of the invention 
was administered together with the adjuvant BCG. Claims 49-51 and 54-55 
depend from claim 43. 
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paragraph No. 5 of the Final Office Action [Exhibit 2], referencing Paper No. 41 
[Exhibit 3], Section 5, pages 2-3 and Paper No. 36 [Exhibit 4], Section 10, pages 8- 
12) over Murphy et al. (Lab Invest 1990;62:70A; hereinafter "Murphy" [Exhibit 5]), 
in view of U.S. Patent No. 5,702,704 (hereinafter "'704 patent" [Exhibit 6]), U.S. 
Patent No. 5,626,843 (hereinafter "'843 patent" [Exhibit 7]), U.S. Patent No. 
5,008,183 (hereinafter "'183 patent" [Exhibit 8]), or U.S. Patent No. 4,232,001 
(hereinafter "'001 patent" [Exhibit 9]) (hereinafter collectively "the Antibody Patents"); 
Berd et af. t (Proc AACR 1989:30:382; hereinafter "Berd 1989" [Exhibit 10]), and 
Geczy et al. (J Immunol. 1970;19:189-203, hereinafter "Geczy" [Exhibit 11]). 

b. The rejection over Berd 1989, the Antibody Patents, and Geczy: 

Claims 47, 65-72, and 74-77 stand rejected as allegedly being obvious over Berd 
1 989 in view of the Antibody Patents and Geczy (see paragraph 6 of the Final Office 
Action [Exhibit 2], referencing Paper No. 41 [Exhibit 3], Section 6, page 4 and Paper 
No. 36 [Exhibit 4], Section 1 1 , pages 1 2-1 5). 

c. The rejection over Berd 1989, the Antibody Patents, and Geczy in 
view of Wiseman: Claims 43, 44, 47, 49-62, 64-72, and 74-77 stand rejected as 
allegedly being unpatentable over Berd '89 in view of the Antibody Patents, and 
Geczy, in further view of Wiseman etal. (West J Med 1989;151:283-288, hereinafter 
"Wiseman" [Exhibit 12]) (see paragraph 7 of the Final Office Action [Exhibit 2], 
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referencing Paper No. 41 [Exhibit 3], Section 7, pages 4-5 and Paper No. 36 [Exhibit 
4], Section 12, pages 15-18). 

d. The rejection over Berd 1989, the Antibody Patents, Geczy, and 
Berd 1983: Claims 43, 44, 47, 49-62, 64-72, and 74-77 stand rejected as allegedly 
being unpatentable over Berd '89 in view of the Antibody Patents, and Geczy, in 
further view of Berd et al. (PASCO 1983;2:56, hereinafter "Berd 1983 [Exhibit 13]) 
(Final Office Action [Exhibit 2], paragraph No. 8, referencing Paper No. 41 [Exhibit 3], 
Section 8, page 6 and Paper No. 36 [Exhibit 4], Section 13, pages 18-21). 

e. The rejection over Berd, the Antibody Patents, Geczy, and Sanda 
and Moody: Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected as allegedly 
being unpatentable over Berd '89 in view of the Antibody Patents, Geczy, in further 
view of Sanda et al. (J Cellular Biochem 1 993;suppl.1 7D:1 20, hereinafter "Sanda" 
[Exhibit 14]) and Moody et al. (J Urol 1 991 ;1 45:293A, hereinafter "Moody" [Exhibit 
1 5]) (Final Office Action [Exhibit 2], paragraph No. 9, referencing Paper No. 41 [Exhibit 
3], Section 9, page 7 and Paper No. 36 [Exhibit 4], Section 14, pages 21-25). 

7. Grouping of Claims 
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The claims do not stand or fall together. Claims 43 and 49-55 are 
directed to compositions that have distinct features and patentability considerations. 
Within this group, claim 49 is directed to a Markush group of tumors that has distinct 
patentability considerations relative to the genus of tumors. In addition, claim 51 is 
directed to a specifically recited hapten. 

Claims 44, 56-62, 64, and 76 are directed to a method for treating a 
malignant tumor in a human, which has distinct patentability considerations relative 
to the composition claims. Within this group, claims 56 and 57 are directed to a 
Markush group of tumors that has distinct patentability considerations relative to the 
genus of tumors. In addition, claim 59 is directed to a specifically recited hapten. 

Claims 47, 65-72, 74, 75, and 77 are directed to a method for treating 
a malignant tumor in a human, which has distinct patentability considerations relative 
to the composition claims and to the other method of treatment claims because these 
claims (i) do not exclude treatment of melanoma tumors and (ii) require at least six 
administrations of the immunotherapy vaccine. The Examiner has rejected these 
claims for different reasons than the other claims, which further establishes that these 
claims stand or fall separately from the other claims. Within this group, claims 65 and 
66 are directed to a Markush group of tumors that has distinct patentability 
considerations relative to the genus of tumors. In addition, claim 68 is directed to a 
specifically recited hapten. Finally, claim 70 recites a specific regiment for 
administration of cyclophosphamide (CY). 
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8. Ar gument 



The relevant test for obviousness requires three basic factual inquiries: 
the scope and content of the prior art are to be determined; the differences between 
the prior art and the claims at issue are to be ascertained; and the level of ordinary skill 
in the art resolved. Graham v. Deere, 383 U.S. 1,17 (1966); Ruiz v. A.B. Chance 
Co., 57 USPQ2d 1 161, 1 1 65 (Fed. Cir. 2000). The relevant inquiry involves three 
steps. First, there must be some suggestion or motivation to modify what is taught 
in a reference or to combine reference teachings. Second, there must be a reasonable 
expectation of success. Finally, the prior art reference or combination of references 
must teach all of the claim limitations. Both the motivation and the reasonable 
expectation of success must be found in the prior art, not in appellant's disclosure. 
See, MPEP § 2143, citing In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 
1991). 

As explained in detail below, the Final Office Action fails to establish a 
prima facie case for obviousness under these requirements. In particular, since Berd 
1989 fails to provide any expectation of success, i.e., clinical benefit, using the 
haptenized tumor cell approach in melanoma patients, this reference is completely 
irrelevant in providing any expectation of success for such an approach in other types 
of cancer. Since no other reference cited by the Examiner makes up for this 
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fundamental flaw, nor the combination of them (see below), obviousness does not 
obtain. 

Given the prominence of Berd 1 989 in each rejection, the Appellant would 
like to address the teachings of this reference, particularly through the lense of one of 
ordinary skill in the art, Dr. Donald Braun, who attended an interview with the 
Examiner and her supervisor on January 5, 2000. 3 To factually determine what a 
reference teaches one of ordinary skill in the art in implementing the Graham standard, 
the courts have relied upon affidavit evidence either by experts or those of ordinary 
skill in the art. See In re Carroll 202 USPQ 571 (CCPA 1 979); In re Piasecki, 223 
USPQ 785, 789 (Fed. Cir. 1984); In re Oelrich, 198 USPQ 210 (CCPA 1978). 
Furthermore, affidavits of those skilled in the art have been held to constitute factual ' 
evidence of the level of skill in the art. E.g., In re Piasecki, 223 USPQ at 789; In re 
Oelrich, 198 USPQ 210, 214-15. Such affidavits constitute competent evidence that 
cannot be ignored. See e.g., Ashland Oil, Inc. v. Delta Resins & Refractories, Inc., 227 
USPQ 657, 674-75 (Fed. Cir. 1985). 

In all of the rejections, the Examiner relies on the Berd 1 989 abstract as 
an allegedly successful example of treatment of melanoma by administration of DNP- 
conjugated autologous melanoma cells in connection with BCG and a preceding dose 



3 Dr. Donald Braun has a long career in the field of immunological oncology, 
as evidence by his curriculum vitae, attached as Exhibit A to the Braun Declaration 
[Exhibit 16]. There can be no doubt as to his qualifications as one of at least 
ordinary skill in the art. 
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of cyclophosphamide. The Examiner also contends that it would have been expected 
that the autologous irradiated melanoma, lung, colon, kidney, and colon cancer cells 
of Wiseman ([Exhibit 1 1] discussed below) would be successfully substituted for the 
melanoma cells of Berd 1 989 to treat other cancer types (Final Office Action [Exhibit 
2], bridging paragraph between pp. 5 and 6). However, both of these conclusions 
depend on according more weight to the Abstract than one of ordinary skill at the time 
of the invention would have given it. As set forth by the Braun Declaration 
accompanying the response to the Final Office Action 4 , Berd 1 989 does not describe 
a successful immunotherapy for melanoma (Braun Declaration [Exhibit 16], paragraph 
7). On the contrary, it represents a preliminary result that raises more questions and 
ambiguities than it answers. Early animal work on tumor immunotherapy could not 
establish whether similar approaches could work in humans (Braun Declaration [Exhibit 
1 6], paragraph 8). The Abstract fails to provide a definitive protocol that would permit 
one to repeat the work, determine whether this approach elicited an immune response 



4 The Braun Declaration memorializes comments made by Dr. Braun during 
THE personal interview with the Examiner and her Supervisor on January 5, 2001 , 
at which this application and a number of related applications by the same inventor 
were discussed. The points made therein reinforce scientific and factual argument 
distinguishing the prior art of record already made by applications. The Examiner 
agreed at the interview that Dr. Braun's Declaration would substantiate these 
points. However, for reasons unknown to the Appellant, the Examiner stated in 
the Advisory Action (Exhibit 1) that she had not considered the Braun Declaration 
"... because Applicant has not shown good and sufficient reasons why it was not 
earlier presented..." (Advisory Action [Exhibit 1], page 2). It had seemed self- 
evident that presentation of this Declaration could not have preceded the 
clarification of issues achieved at the interveiw. 
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to unmodified cells, or establish that it achieved any clinical benefit (Braun Declaration 
[Exhibit 16], 11 9, 10, 1 1). 

With these considerations in mind, we turn to the specific grounds for 

rejection. 

a. The rejection of claims 47, 65-72 and 74-77 over Murphy, Berd 
1989, Geczy, and the Antibody Patents 



Claim 47 is directed to a method for treating a malignant tumor in a 
human patient by co-administering a composition comprising haptenized autologous 
human tumor cells of the same tumor type as the tumor in the patient, along with an 
adjuvant, at least six times. As disclosed in Examples 3, 4, and 6, administration of 
the immunotherapeutic vaccine comprising haptenized tumor cells on at least six, and 
in most cases eight, occasions resulted in actual treatment of tumors, with statistically 
significant greater cancer-free survival compared to controls (who received non- 
haptenized vaccine) at two years. (Specification, page 29, lines 22-25). The 
difference was highly significant. (Id., page 30, lines 26-27; page 41 , line 24 to page 
42, line 8). 

The Examiner states that Murphy teaches a method for treating melanoma 
comprising sensitizing with DNCB, administering a therapeutically effective amount of 
cyclophosphamide (CY), and administering a therapeutically effective amount of 
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autologous, irradiated DNP-conjugated melanoma cells mixed with BCG adjuvant. The 
Examiner notes that Murphy does not teach administration of at least six vaccine 
doses at spaced intervals, a specific dose of CY (300 mg/M 2 ), prior sensitization with 
1 -f luoro-2,4-dinitrobenzene, or eliciting certain specified immune responses against the 
tumor. The Examiner cites the Antibody Patents for teaching administration of at least 
six doses of antigen; Berd 1989 for teaching a successful method of treating 
melanoma with the specified dosage of CY using DNP-conjugated melanoma cells, and 
that Geczy teaches that halogenated dinitrobenzenes are commonly used to elicit 
delayed type hypersensitivity. (Paper 36 [Exhibit 4], pages 9-10). The thrust of this 
rejection, then, is that it would have been obvious from the combined teachings of 
Murphy, the Antibody Patents, and Berd 1989 to administer at least six doses of a 
haptentized tumor cell vaccine, and that various haptenization reagents can be used 
as describe by Geczy. 

Appellant have previously argued that the references cannot be combined 
as suggested by the Examiner without employing impermissible hindsight from the 
disclosure of the invention. The Examiner contends that "[s]ome degree of hindsight 
is permissible in making rejections under 35 U.S.C. 103 since it must be recognized 
that any judgement on obviousness is in a sense necessarily a reconstruction based 
upon hindsight reasoning." (Final Office Action [Exhibit 2], page 3). 
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The teachings and deficiencies of Geczy have been discussed in 
Appellant's previous amendment, filed September 22, 2000, on pages 11-12, 
paragraphs 3.b.iii. Geczy indeed teaches the equivalency of DNCB and DNFB for the 
induction of DTH as stated by the Examiner, but proposes that direct haptenization of 
lymphocytes is necessary for lymphocyte transformation. Thus, to the extent that the 
teachings of Geczy relate to those of Berd 1 989 and/or Murphy, they diverge and 
teach away from using haptens to elicit a protective immune response against 
unmodified tumor cells. Geczy relates to anti-hapten responses, which would hardly 
be relevant to anti-tumor responses elicited by haptenized tumor cells, but only for 
immune response towards the haptenized tumor cell vaccine itself. 

With respect to the Antibody Patents, their teachings and deficiencies 
were also discussed in the previous amendment dated September 22, 2000, pages 1 0- 
1 1, paragraph 3.b.ii. The Examiner states that the '704 patent, '843 patent, '183 
patent, and '001 patent teach conventional immunization schedules wherein antigen 
is administered at least six times at spaced intervals. Indeed, the '183 patent teaches 
an assay for detecting the presence or absence of antibodies that bind to a human 
retrovirus antigen. The '001 patent teaches non-human antibodies to estrophilin. The 
'843 patent teaches the use of antibodies as immunosorbents for the treatment of 
AIDS. The '704 patent teaches antibodies that recognize advanced glycosylation 
endproducts and methods of using the antibodies for the measurement of the amount 
of advanced glycosylation end products in plants, animals, and cultivated and 



Serial No. 08/203,004 
Brief on Appeal 



Docket No. 1225/0C67.4 
Page 14 



synthesized protein material. None of these patents contains an objective teaching of 
the use of antibodies for the treatment of human cancers. Even if these patents did 
teach antibody-based (passive) immunotherapy, Appellant submits that such teaching 
would have no bearing on the present invention, which concerns active specific 
immunotherapy to tumors. 

Moreover, the Antibody Patents fail to suggest, and indeed teach away 
from, generating an immune response to a carrier, such as a tumor cell, by immunizing 
with a hapten. Such a result would actually be contrary to the teachings of these 
references. For example, advanced glycosylation endproducts are analogous to 
haptens: they are small molecules conjugated to carrier proteins. Following the 
teaching of the '704 patent, one would expect to generate antibodies to the hapten. 
As pointed out above, such a result would be contrary to the invention, since an anti- 
hapten immune response would not affect residual tumor cells remaining after 
resection or metastasis. 

As the Examiner has noted, these patents teach conventional methods 
for generating an antigen specific antibody response. Such antibodies are useful as 
diagnostic reagents. The immunized subjects do not develop protective immunity to 
the immunogen; that is not the intention or the outcome. Thus, one might conclude 
that by following the teachings of these patents, one would be unlikely to generate a 
protective immune response. 
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Furthermore, these references do not teach or suggest at least six 
administrations or immunizations of haptenized tumor cells (or any pathogenic antigen) 
to humans at spaced intervals for the treatment of cancer. No objective teaching thus 
exists in these patents that would suggest to or motivate one of skill in the art to 
administer antibodies to humans at least six times at spaced intervals in order to treat 
cancer. 

The Examiner has made a number of legal errors to arrive at a conclusion 
of obviousness based on the combined teachings of these references, primarily by 
failing to properly articulate the Graham factors. For example, Examiner did not 
properly consider the scope and content of the prior art, and the differences between 
the prior art and the claimed invention. Ruiz, 57 USPQ2d at 1167. The Examiner 
further failed to establish the level of ordinary skill in the art, Id. at 1168, which 
Appellant has established through the Braun Declaration as well as through the 
references cited by the Examiner. 

With respect to considering the scope and content of the prior art and the 
differences between the prior art and the claimed invention, the Examiner failed to 
articulate "... a reason, suggestion, or motivation in the prior art or elsewhere that 
would have led one of ordinary skill in the art to combine the references." Id. at 1 1 67, 
citing In re Rouffet, 47 USPQ2d 1453, 1459 (Fed. Cir. 1998) and In re Dembiczak, 
50 USPQ2d 1614, 1617 (Fed. Cir. 1999). The Federal Circuit provides explicit 
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guidance in Ruiz on the factual findings to make in determining a reason, suggestion, 

or motivation to combine: 

The reason, suggestion, or motivation to combine may be found explicitly 
or implicitly: 1) in the prior art references themselves; 2) in the 
knowledge of those of ordinary skill in the art that certain references, or 
disclosures in those references, are of special interest or importance in 
the field; or 3) from the nature of the problem to be solved, "leading 
inventors to look at references relating to possible solutions to that 
problem." 

Id. (citations omitted). The Examiner merely alludes to a "conventional immunization 
scheduled" (Final Office Action [Exhibit 2], page 4; Paper 36 [Exhibit 4], page 11) 
without providing any basis for linking a conventional immunization schedule for 
eliciting diagnostic antibodies to an immunotherapy regimen. 

The error here arises from the Examiner falling "into the hindsight trap." 
In re Kotzab, 55 USPQ2d 1313, 1318 (Fed. Cir. 2000). As the Court stated in 
Kotzab, "... to establish obviousness based on a combination of the elements disclosed 
in the prior art, there must be some motivation, suggestion or teaching of the 
desirability of making the specific combination that was made by the applicant." Id. 
at 1 31 6, citing In re Dance, 48 USPQ2d 1 635, 1 637 (Fed. Cir. 1 998); In re Gordon, 
211 USPQ 1125, 1127 (Fed. Cir. 1984). The Antibody Patents teach methods to 
elicit antibodies to the immunizing agent, e.g., a hapten-like compound such as an 
advance glycosylation endproduct. Geczy shows that haptenization results in hapten- 
specific immunity. Neither Murphy nor Berd 1 989 suggest at least six administrations 
of the immunotherapeutic vaccine, much less the advantages of doing so disclosed in 
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the Examples of the instant application. Thus, the Examiner has "... found prior art 
statements that in the abstract appeared to suggest the claimed limitation...", Id. at 
1318, but which, in fact, lack any motivation to modify the teachings of Murphy or 
Berd 1989 to include that limitation. 

With respect to the level of skill in the art, which the Examiner relies on 
in making this rejection (Final Office Action [Exhibit 2], page 4), Appellant respectfully 
submits that, in view of the Braun Declaration and the explicit teaching of the 
references, the level of skill in the art does not supply the missing teaching here. See 
A-Site Corp. v. VSI, 50 USPQ2d 1161,1171 (Fed. Cir. 1 999). "[T]he level of skill in 
the art is a prism or lens through with a judge or jury views the prior art and the 
claimed invention. This reference point prevents these deciders from using their own 
insight or, worse yet, hindsight, to gauge obviousness." Id. The Examiner has not 
established that the level of skill in the art is such that it would lead the skilled artisan 
to modify the teachings of Murphy or Berd 1 989 as set forth in the claim. To rely on 
"conventional immunization schedules" is therefore error. 

The Examiner cited two cases to support her analysis of obviousness. 
In particular, the Examiner points out that "[t]he test for obviousness... is what the 
combined teachings of the references would have suggested to those of ordinary skill 
in the art." In re Keller, 208 USPQ 871, 881 (CCPA 1981) (Citations omitted). 
Appellant agrees, but points out that the Examiner must consider the references for 
all that they teach; it is impermissible to consider a reference in less than its entirety, 
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or to disregard disclosures that diverge and teach away. W.L. Gore & Assoc., Inc. v. 
Garlock, Inc., 220 USPQ 303 (Fed. Cir. 1993), cert denied 469 U.S. 851 (1984). 
Such teaching away, which is the effect of the Antibody Patents and Geczy reference, 
defeats obviousness. See Winner Int 7 Royalty Corp. v. Wang, 53 USPQ2d 1580, 
1587 (Fed. Cir. 2000). Moreover, the prior art, and not the disclosure in the 
application, must both suggest the invention and provide a reasonable expectation of 
success in achieving it. In re Vaeck, 20 USPQ 2d 1438 (Fed. Cir. 1991). 

Correctly applying the foregoing legal principles, the references neither 
(1) suggest the invention, nor (2) provide a reasonable expectation of success. Berd 
1989 and by extension Murphy 1990 are inadequate to suggest modifying the 
immunization strategy to require at least six administrations of an immunotherapeutic 
vaccine. Taken together, as the Examiner points out that the references must be 
considered, the references do not render the claimed invention obvious. The 
Examiner's failure to properly consider the Graham factors, and the admitted use of 
hindsight to establish obviousness, represent error and should be reversed. 

b. The rejection of claims 47, 65-72 and 74-77 over Berd 1989, the 
Antibody Patents, and Geczy 

The Examiner maintained this rejection for the same reasons described in 
the above rejection. For the reasons set forth above, the combination of Berd 1 989, 
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the Antibody Patents, and Geczy, fails to render the instant invention obvious. Indeed, 
this rejection is clearly ineffective since Berd 1 989 provides even less information 
about methods of treatment and therapeutic outcomes than Murphy, which the Braun 
Declaration makes abundantly clear. In short, one of ordinary skill in the art would not 
have had any motivation to modify the teachings of Berd 1 989 to require immunization 
with the haptenized tumor cell vaccine at least six times. The Examiner has 
erroneously failed to establish the Graham factors sufficient to render the invention 
obvious, and instead has substituted hindsight to sustain this rejection, both of which 
constitute error. See Ruiz, 57 USPQ2d at 1 1 67-68. Thus, this rejection is in error and 
should be reversed. 



c. The rejection of claims 43, 44, 47, 49-62, 64-72, and 74-77 over 
Berd 1989, the Antibody Patents, and Geczy in view of Wiseman 

Claim 43 is directed to a composition comprising human tumor cells 
(other than melanoma cells) conjugated with a hapten. The haptenized tumor cells are 
obtained from the patient receiving treatment (i.e., they are "autologous"), and are 
rendered incapable of growing in the body of a human upon injection therein. 

Claim 44 is directed to a method for treating a malignant tumor (other 
than melanoma) in a human patient by co-administering a composition comprising 
haptenized autologous human tumor cells of the same tumor type as the tumor in the 
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patient, along with an adjuvant. The composition elicits at least one of the following 
upon administration to the patient with the adjuvant: an inflammatory immune 
response against the tumor of the patient; a delayed-type hypersensitivity response 
against the tumor of the patient; and activated T lymphocytes that infiltrate the tumor 
of the patient. 

Claim 47 has been discussed above, as have the references except for 
Wiseman. The Examiner contends that "Wiseman clearly showed that autologous 
irradiated melanoma, lung, colon, and kidney cancer were successfully used for 
successful immunological treatment of those cancers and it would have been expected 
that these cell types, already known in the art to be useful as immunogenic cancer 
treatments would be successfully substituted for the melanoma cells of Berd [1989] 
in order to treat the other cancer types." (Final Office Action [Exhibit 2], paragraph 
bridging pages 5 and 6). 

The Braun Declaration addresses the teachings and deficiencies of Berd 
1989, and discussed above. The reference lacks teachings with respect to any 
clinically significant tumor regression being observed, as well as the numbers and route 
of administration. (Braun Declaration [Exhibit 1 6], ^9 and 1 1 ). Thus, one of ordinary 
skill in the art would have presumed that Berd 1 989's haptenized tumor cells and BCG 
had been injected intratumorally, and that the BCG was thereby responsible for the 
observed, clinically non-significant, tumor responses (Braun Declaration [Exhibit 
16],U1 1). Accordingly, Berd 1989 suffers from a lack of expectation of success for 
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the haptenized-tumor-cell approach in melanoma, and even more so in the case of non- 
melanoma tumors. 

As discussed in the previous amendment dated September 22, 2000 (p. 
17, 1 st full paragraph), Wiseman teaches an alternative form of immunotherapy that 
depends on the route of administration: intralymphatic immunization. This alternative, 
which Wiseman indeed reports favorably, in no way suggests a deficiency or problem 
that would lead one of ordinary skill in the art to seek an alternative immunization 
strategy. 

On the contrary, Wiseman diverts the skilled artisan away from the 
claimed invention, thus precluding combining this reference in making the rejection. 
One of ordinary skill in the art would, when provided with the Wiseman reference on 
one hand and the combination of Berd 1 989, The Antibody Patents, and Geczy on the 
other, the latter themselves leading away from any combination with the haptenized 
tumor cell compositions and methods because they suggest an anti-hapten rather than 
anti-tumor cell response, be inclined to pursue the Wiseman approach: intralymphatic 
immunization with unmodified tumor cells, since this approach was successful and 
avoided the problems with the haptenization approach in Berd 1 989 and suggested by 
the Antibody Patents and Geczy. Such teaching away, which is the effect of the 
Antibody Patents and Geczy reference, defeats obviousness. See Winner Int'/ Royalty, 
53 USPQ2d at 1587. 
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Nothing in Berd 1 989 suggests that haptenization of tumor cells provides 

an effective therapeutic response (as established by the Braun Declaration), much less 

a more effective response than other immunization protocols. However, the data 

clearly support the unexpected superiority of the haptenized tumor cells and methods 

of immunotherapy using them. 

The DFS [disease-free survival] and TS [total survival] of [patients treated 
with haptenized tumor cells] were compared with those of 22 melanoma 
patients with resected nodal metastasises treated previously with 
unconjugated vaccine, see Example 4. Of 36 patients with stage 3 
melanoma (palpable mass in one lymph node region), 22 are disease-free 
with a median follow-up of 33 months. Kaplan-Meir analysis projects a 
3 year DFS and TS of 59% and 71 %, respectively. In contrast, the DFS 
and TS of stage 3 patients treated with unconjugated vaccine was 22% 
and 27% respectively (p = 0.01 , log-rank test). Of 1 1 stage 4 patients 
(palpable mass in two lymph node regions), 5 are NED (no evidence of 
disease) with a median follow-up of 41 months. 

(Specification, page 41, line 24 to page 42, line 8). These data demonstrate the 

superiority of the claimed invention, particularly the claimed methods of treatment, 

relative to Wiseman's approach. However, these advantages can only be gleaned from 

the disclosure of the specification, and are not available from the combined teachings 

of the references. Advantages flowing directly from the invention are one 

consideration that may be relevant to a determination of obviousness. Mosinee Paper 

Corp. v. James River Corp. of Virginia, 22 U.S. P.O. 2d 1 657, 1 660, aff'd. mem. 980 

F.2d 743 (Fed. Cir. 1992) (citing Pre-Emption Devices, Inc. v. Minnesota Mining & 

Mfg. Co., 221 USPQ 841 (Fed. Cir. 1984)). "After all, those advantages are the 

foundation of that 'commercial success 1 which may be evidence of nonobviousness. 
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Pre-Emption, supra, at 844 (citing Graham, 383 U.S. at 17). Thus, the showing of 
significant advantages of the presently claimed compositions and methods, particularly 
as related in Example 6 (quoted above), demonstrates non-obviousness of the 
invention. 

Even if Berd 1 989 taught an effective immunotherapy of melanoma using 
haptenized, autologous melanoma cells, such a teaching would not form a sufficient 
basis for combination with Wiseman to achieve the claimed invention. As applicants 
have previously pointed out, it is not expected that "vaccines using other types of 
tumor cells, shown to effectively treat cancer, would behave in a mechanistically 
similar manner to the melanoma vaccine described in Berd et al. M (See Paper No. 41 
[Exhibit 3], page 5, lines 12-14). In the PTO-1449 form filed by Applicant on 
December 1, 1998, Applicant brought the Examiner's attention to Hanna et al. (U.S. 
Patent No. 5,484,596, hereinafter "Hanna"). Hanna teaches a method for the 
treatment of human colon cancer that involves the use of a vaccine which is made 
from irradiated human tumor cells. The Examiner is requested to note that the Hanna 
et al. vaccine strategy appears to be effective only for treating colon cancer. A 
publication reporting on a clinical trial of the "Hanna et al." vaccine concedes that the 
vaccine was not effective for rectal cancer (Hoover et al., J. Clin. Oncology 11: 
390-399, 1993; copy attached to the Amendment filed September 22, 2000 as 
Exhibit 1 [Exhibit 1 7]). Hoover et al. states that "... no benefits were seen in patients 
with rectal cancer who received [active specific immunotherapy with an autologous 
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tumor cell-BCG vaccine]" (see Abstract; see also page 399, first column). Hence, 
although the Hanna vaccine was reportedly successful in treating colon cancer, it failed 
to provide any benefits to patients with rectal cancer, a tumor type closely related to 
colon cancer. Accordingly, even had Berd '89 successfully treated melanoma patients 
with his haptenized tumor cell vaccine, and not only provided preliminary and 
essentially anecdotal results relating to DTH-responses, it could not have been 
reasonably expected that a similar vaccine would be equally effective in the treatment 
of related tumors, much less tumors of completely unrelated origin. 

It is clear that upon careful examination, the references cannot be 
combined as the Examiner has suggested. Thus, here to the Examiner's citations 
appear on the surface to suggest the claimed invention, but, upon further review, can 
only be combined as the Examiner proposes with knowledge of the Applicant's 
invention. In re Kotzab, 55 USPQ2d at 1318. Such an analysis is, of course, 
improper. For the foregoing reasons, this obviousness rejection is in error and should 
be reversed. 



d. The rejection of claims 43, 44, 47, 49-62, 64-72, and 74-77 over 
Berd 1989, the Antibody Patents, Geczy, and Berd 1983 

Claims 43, 44, and 47 have been discussed above. Berd, the Antibody 
Patents, and Geczy are discussed above. In addition, the teachings of Berd 1 989, the 
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Antibody Patents, and Geczy have been discussed above. The Examiner states that 
Berd '83 teaches treatment of breast cancer patients with autologous vaccine, and 
that the substitution of the breast cancer cells of Berd 1 983 for the melanoma cells 
of Berd 1989 was prima facie obvious. 

The Examiner alleges that Appellant has previously argued the Berd 1 983 
reference individually without clearly addressing the combined teachings. Appellant 
respectfully disagrees. Appellant chose to, instead of repeating arguments already 
made in the amendment, discuss the entirety of the teachings of Berd 1983 before 
adding this reference to the combination of Berd 1989, the Antibody Patents, and 
Geczy (see amendment dated September 22, 2000, page 18, section 3.g). In doing 
so, it is clear that Berd 1983 adds nothing to the combination of Berd 1989, The 
Antibody Patents, and Geczy, which combination is (1) improper and (2) fails to 
provide any reasonable expectation of success as discussed above. 

Berd 1 983 teaches the intradermal administration of autologous tumor 
cells to six cancer patients, five suffering from melanoma and one from breast cancer, 
and reports DTH responses against tumor cells in three out of the five evaluated 
patients. Note that Berd 1983 is silent with respect to whether the single breast 
cancer patient was among the 3 patients (50%) showing a DTH response. Even 
assuming that the breast cancer patient was among the three, the addition of Berd 
1 983 to the combination of reference would not provide a reasonable expectation that 
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a haptenized tumor cell vaccine, whether based on melanoma or breast cancer cells, 
would elicit a clinically significant anti-tumor response. 

The Braun Declaration addresses the teachings and deficiencies of Berd 
1 989, as discussed above. The reference lacks teachings with respect to any clinically 
significant tumor regression being observed, as well as the numbers and route of 
administration. (Braun Declaration [Exhibit 16], Iff 9 and 11). Thus, one of ordinary 
skill in the art would have presumed that Berd 1 989's haptenized tumor cells and BCG 
had been injected intratumorally, and that the BCG was thereby responsible for the 
observed, clinically non-significant, tumor responses (Braun Declaration [Exhibit 
1 6],f 1 1 ). Accordingly, Berd 1 989 suffers from a lack of expectation of success for 
the haptenized-tumor-cell approach in melanoma, and even more so in the case of non- 
melanoma tumors. 

As noted above, even if Berd 1 989 taught an effective immunotherapy 
of melanoma using haptenized, autologous melanoma cells, such a teaching would not 
form a sufficient basis for combination with Berd 1983 to achieve the claimed 
invention. As applicants have previously pointed out, it is not expected that "vaccines 
using other types of tumor cells, shown to effectively treat cancer, would behave in 
a mechanistically similar manner to the melanoma vaccine described in Berd et al." 
(See Paper No. 41 [Exhibit 3], page 5, lines 12-14). In the PTO-1449 form filed by 
Applicant on December 1 , 1 998, Applicant brought the Examiner's attention to Hanna 
et al. (U.S. Patent No. 5,484,596, hereinafter "Hanna"). Hanna teaches a method for 
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the treatment of human colon cancer that involves the use of a vaccine which is made 
from irradiated human tumor cells. The Examiner is requested to note that the Hanna 
et al. vaccine strategy appears to be effective only for treating colon cancer. A 
publication reporting on a clinical trial of the "Hanna et al." vaccine concedes that the 
vaccine was not effective for rectal cancer (Hoover [Exhibit 1 7]). Hoover et al. states 
that "... no benefits were seen in patients with rectal cancer who received [active 
specific immunotherapy with an autologous tumor cell-BCG vaccine]" (see Abstract; 
see also page 399, first column). Hence, although the Hanna vaccine was reportedly 
successful in treating colon cancer, it failed to provide any benefits to patients with 
rectal cancer, a tumor type closely related to colon cancer. Accordingly, even had 
Berd '89 successfully treated melanoma patients with his haptenized tumor cell 
vaccine, and not only provided preliminary and essentially anecdotal results relating to 
DTH-responses, it could not have been reasonably expected that a similar vaccine 
would be equally effective in the treatment of related tumors, much less tumors of 
completely unrelated origin. 

It is clear that upon careful examination, the references cannot be 
combined as the Examiner has suggested. Thus, here to the Examiner's citations 
appear on the surface to suggest the claimed invention, but, upon further review, can 
only be combined as the Examiner proposes with knowledge of the Applicant's 
invention. In re Kotzab, 55 USPQ2d at 1318. Such an analysis is, of course, 
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improper. For the foregoing reasons, this obviousness rejection is in error and should 
be reversed. 

e. The rejection of claims 43, 44, 47, 49-62, 64-72, and 74-77 over 
Berd, the Antibody Patents, Geczy, and Sanda and Moody 

Claims 43, 44, and 47 have been discussed above. Berd, the Antibody 
Patents, and Geczy are discussed above. In addition, the teachings of Berd 1 989, the 
Antibody Patents, and Geczy have been discussed above. The Examiner has stated 
that in particular Berd supplies the motivation to "decorate the tumor cells with 
hapten." Incorporating the reasoning set forth in the prior two Office Actions, the 
Examiner states that Moody teaches that lymphokine-transfected prostate cells 
generate an anti-tumor effect in vivo, and that Sanda addresses the feasibility of gene 
therapy for human prostate cancer. These references appear to be relevant to the 
Examiner because they suggest methods of anti-prostate cancer therapy. 

Sanda teaches a method for transducing human prostate cancer cells with 
a particular retroviral vector. The method was reportedly successful for transfecting 
the cells, and Sanda suggest that this approach may be feasible in gene therapy of 
prostate cancer. Although Sanda fails to provide any description on just how his 
approach would be used in gene therapy and why, the general approach in gene 
therapy is to administer a gene, locally or systemically, to a patient in an attempt to 
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transfect cells in vivo for some therapeutic purpose. This approach is wholly unrelated 
to any immunotherapeutic method for cancer treatment, and therefore cannot add 
anything to the combination of references cited in this rejection. It solves a different 
problem (tumor cell ablation through a therapeutic gene) than the claimed invention 
(tumor cell immunotherapy using a haptenized tumor cell as a vaccine). Thus, there 
is no logical connection between Sanda and the other references cited in this rejection. 
See Ruiz, 57 USPQ2d at 1 1 68 (evidence that the references solve different problems 
can preclude a determination of obviousness). 

Moody teaches an immunotherapy method based on lymphokine 
expression in which rat prostate tumor cells were transfected with cDNA encoding IL-2 
and IL-4, the transfected tumor cells were administered to rats, and tumor immunity 
observed in the treated rats as compared to controls. This references adopts an 
altogether different approach than haptenization of tumor cells to elicit tumor cell 
immunity. 5 There is no suggestion from Moody to modify the approach it teaches by 
haptenizing the prostate tumor cells. 

In short, for the reasons discussed above, the combination of Berd 1 989, 
the Antibody Patents, and Geczy fail to suggest, much less teach, compositions of 
haptenized tumor cells (that are not melanoma cells), methods of cancer 

5 As disclosed in the specification of the instant application, using 
immunostimulatory molecules in combination with the claimed compositions and 
methods may be desirable in some instances. (Specification, page 17, lines 17-20). 
Moody provides one avenue for such a combination. This in no way suggests the 
claimed invention. 
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immunotherapy using haptenized tumor cells (especially that are not melanoma cells 
as recited in claim 44), or methods of cancer immunotherapy involving a regimen of 
administering haptenized tumor cells at least six times. Sanda and Moody have 
nothing to do with immunotherapy; they are in this respect less relevant than 
Wiseman. Accordingly, for the reasons advanced above, this rejection is in error and 
must be reversed. 

It is clear that upon careful examination, the references cannot be 
combined as the Examiner has suggested. Thus, here to the Examiner's citations 
appear on the surface to suggest the claimed invention, but, upon further review, can 
only be combined as the Examiner proposes with knowledge of the Applicant's 
invention. In re Kotzab, 55 USPQ2d at 1318. Such an analysis is, of course, 
improper. For the foregoing reasons, this obviousness rejection is in error and should 
be reversed. 



9. Conclusion 

For the forgoing reasons, Appellant submits that the Final Rejection is in 
error and should be reversed on all grounds. The Examiner has committed error by 
failing across the board to properly articulate the Graham factors. For example, 
Examiner did not properly consider the scope and content of the prior art, and the 
differences between the prior art and the claimed invention. Ruiz, 57 USPQ2d at 

Serial No. 08/203,004 Docket No. 1225/0C624 

Brief on Appeal Page 31 



1 1 67. The Examiner further failed to establish the level of ordinary skill in the art, Id. 
at 1 168, which Appellant has established through the Braun Declaration as well as 
through the references. With respect to considering the scope and content of the prior 
art and the differences between the prior art and the claimed invention, the Examiner 
failed to articulate "... a reason, suggestion, or motivation in the prior art or elsewhere 
that would have led one of ordinary skill in the art to combine the references." Id. at 
1 167 (citations omitted). Instead, the Examiner has improperly relied on the level of 
skill in the art to fill in the holes in the prior art, See A-Site Corp. 50 USPQ2d at 1 1 7 1 , 
and has consistently fallen into the "hindsight trap". In re Kotzab, 55 USPQ2d at 



1318. 
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APPENDIX 



Pending Claims on Appeal 

43. (Amended) A composition comprising human tumor cells that: 

(i) are conjugated to a hapten; 

(ii) are of the same tumor type as a malignant tumor of a patient for 
treatment of whom the composition is intended; 

(iii) are autologous to said patient; and 

(iv) have been rendered incapable of growing in the body of a human 
upon injection therein; 

said composition eliciting, when administered together with an adjuvant, 
an inflammatory immune response against the tumor of said patient, wherein said 
tumor is not melanoma. 

44. A method for treating a malignant tumor in a human patient comprising 
co-administering to the patient 

(a) a composition comprising a therapeutically effective amount of 
human tumor cells that: 

(i) are conjugated to a hapten; 

(ii) are of the same tumor type as a malignant tumor of a patient 
for treatment of whom the composition is intended; 

(iii) are autologous to said patient; and 

(iv) have been rendered incapable of growing in the body of a 
human upon injection therein; and 

(b) an adjuvant; 

wherein said composition elicits at least one of the following upon 
administration to said patient with the adjuvant: an inflammatory immune response 
against the tumor of said patient; a delayed-type hypersensitivity response against the 
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tumor of said patient, and activated T lymphocytes that infiltrate the tumor of said 
patient, wherein said malignant tumor is not melanoma. 

47. (Amended) A method of treating a malignant tumor in a human patient 
comprising co-administering to the patient 

(a) a composition comprising a therapeutically effective amount of 
human tumor cells that: 

(i) are conjugated to a hapten; 

(ii) are of the same tumor type as a malignant tumor of a patient 
for treatment of whom the composition is intended; 

(iii) are autologous to said patient; and 

(iv) have been rendered incapable of growing in the body of a 
human upon injection therein; and 

(b) an adjuvant; 

wherein said composition elicits at least one of the following upon 
administration to said patient with the adjuvant: an inflammatory immune response 
against the tumor of said patient; a delayed-type hypersensitivity response against the 
tumor of said patient and activated T lymphocytes that infiltrate the tumor of said 
patient; and 

repeating said administration at least six times at spaced apart intervals. 

49. The composition of claim 43 wherein said tumor cells are selected from 
lung, colon, breast, kidney, and prostate tumor cells. 

50. The composition of claim 43 wherein said hapten is selected from the 
group consisting of dinitrophenyl, trinitrophenyl, and N-iodoacetyl-N f -(5 sylfonic 
1-naphtyl) ethylene diamine. 
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51 . The composition of claim 43 wherein said hapten is dinitrophenyl. 

52. The composition of claim 43 further comprising an adjuvant. 

53. The composition of claim 52 wherein said adjuvant is Bacillus 
Calmette-Guerin. 

54. The composition of claim 43 further comprising a carrier. 

55. The composition of claim 54 wherein said carrier is selected from the 
group consisting of saline solution and culture medium. 

56. The method of claim 44 wherein said tumor cells are selected from lung, 
colon, breast, kidney, and prostate tumor cells. 

57. The method of claim 44, wherein said malignant tumor is from a cancer 
selected from the group consisting of lung cancer, colon cancer, breast cancer, kidney 
cancer, and prostate cancer. 

58. The method of claim 44 wherein said hapten is selected from the group 
consisting of dinitrophenyl, trinitrophenyl, and N-iodoacetyl-N'-(5-sulfonic 1-naphtyl) 
ethylene diamine. 

59. The method of claim 44 wherein said hapten is dinitrophenyl. 

60. The method of claim 44 further comprising administering a therapeutically 
effective amount of cyclophosphamide prior to administration of said composition. 
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61 . The method of claim 60 wherein said therapeutically effective amount of 
cyclophosphamide comprises administering a dose of about 300 mg/M2 of 
cyclophosphamide prior to administration of said composition. 

62. The method of claim 60 further comprising sensitizing the patient with 
a therapeutically effective amount of 1 -f luoro-2,4-dinitrobenzene prior to administering 
cyclophosphamide. 

64. The method of claim 44 wherein said adjuvant is Bacillus 
Calmette-Guerin. 

65. The method of claim 47 wherein said tumor cells are selected from 
melanoma, lung, colon, breast, kidney, and prostate tumor cells. 

66. The method of claim 47, wherein said malignant tumor is from a cancer 
selected from the group consisting of melanoma cancer, lung cancer, colon cancer, 
breast cancer, kidney cancer, and prostate cancer. 

67. The method of claim 47 wherein said hapten is selected from the group 
consisting of dinitrophenyl, trinitrophenyl, and N-iodoacetyl-N I -(5-sulfonic 1-naphtyl) 
ethylene diamine. 

68. The method of claim 47 wherein said hapten is dinitrophenyl. 

69. The method of claim 47 further comprising administering a therapeutically 
effective amount of cyclophosphamide prior to administration of said-composition. 
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70. The method of claim 47, further comprising administering a 
therapeutically effective amount of cyclophosphamide prior to the first administration 
of said composition. 

71 . The method of claim 69 wherein said therapeutically effective amount of 
cyclophosphamide comprises administering a dose of about 300 mg/M2 of 
cyclophosphamide prior to administration of said composition. 

72. The method of claim 47 further comprising sensitizing the patient with 
a therapeutically effective amount of 1 -fluoro-2,4-dinitrobenzene prior to administering 
cyclophosphamide. 

74. The method of claim 47 wherein said adjuvant is Bacillus 
Calmette-Guerin. 

75. The method of claim 47 wherein said administration prolongs survival of 
said patient. 

76. The method of claim 44, wherein said administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4 . 

77. The method of claim 47, wherein said administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8 + CD4 . 
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1 . The Amendment After-Final filed June 2, 200 1 (Paper No. 46) in response to 
the Office Action of November 29, 2000 (Paper No. 44) is acknowledged and has 
been entered. Previously pending claims 43 and 47 have been amended. Claims 43, 
44 } 47, 49-62, 64-72 and 74-77 are currently being examined. 

Claim Rejections - 35 USC § 103 

2. Claims 47, 65-72 and 74-77 remain rejected under 35 USC 103 for the 
reasons previously set forth in Paper No. 36, Sections 10-11, pages 8-15, Paper No. 
41, Sections 5-6, pages 2-4 and in Paper No. 44, Sections 5 and 6, pages 3-5. 

Applicant argues that (a) Examiner gives more weight to the Berd '89 
abstract than one of ordinary skill at the time the invention would have given it and 
the Braun Declaration sets forth that Berd '89 does not describe a successful 
immunotherapy for melanoma, (b) Applicant details the three basic criteria that must 
be met to establish a prima facie case for obviousness under 35 USC 103 and states 
that since Berd '89 fails to provide any expectation of success the reference is 
completely irrelevant and no other reference provided makes up for this flaw, (c) 
Applicant reiterates the deficiencies of Murphy, Berd '89 Geczy and Antibody 
Patents and the combination thereof. The arguments have been considered but have 
not been found persuasive (a') for the reasons previously set forth in Paper No. 41, 
Section 7, pages 4-5. The Braun Declaration has not been considered because 
Applicant has not shown good and sufficient reasons why it was not earlier 
presented, (b') the Berd '89 reference is not irrelevant for the reasons set forth 
previously and above, (c') the arguments are not persuasive for the reasons 
previously set forth 
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3. Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected under 35 USC 
103 for the reasons previously set forth in Paper No. 36, Section 12, pages 15-18, 
Paper No. 41, Section 7, pages 4-5 and in Paper No. 44, Section 7, pages 5-6. 



drawn to the combination of Berd '89, The Antibody Patents and Geczy. The 
arguments have been considered but have not been found persuasive for the reasons 
previously set forth. 

4. Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected under 35 USC 
103 for the reasons previously set forth in Paper No. 36, Section 13, pages 18-21, 
Paper No. 41, Section 8, page 6 and in Paper No. 44, Section 8, page 6. 

Applicant reiterates arguments drawn to Berd '83. The arguments have been 
considered but have not been found persuasive for the reasons previously set forth 
in Paper Nos 36, 41 and 44. 

5. Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected under 35 USC 
103 for the reasons previously set forth in Paper No. 36, Section 14, pages 21-25, 
Paper No. 41, Section 9, page 7 and in Paper No. 44, Section 9, page 7. 

Applicant reiterates the arguments previously set forth. The arguments have 
been considered but have not been found persuasive for the reasons previously set 
forth in Paper Nos 36, 41 and 44. 

6. All other objections and rejections recited in Paper No. 44 are withdrawn. 



Applicant reiterates the arguments drawn to Wiseman and the arguments 
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Applicant is required to submit the drawing corrections within the 
time period set in the attached Office communication . See 37 CFR 
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Failure to take corrective action within the set period will result in 
ABANDONMENT of the application. 
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Office Action Summary 


Application No. 
08/203,004 


Applicant(s) 

Berd 


Examiner 

Ungar 
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(XI Responsive to communication(s) filed on Sep 27, 2000 _ • 

K! This action is FINAL. 

□ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed 
in accordance with the practice under Ex parte Quayle, 1935 CD. 11; 453 O.G. 213. 

A shortened statutory period for response to this action is set to expire three month(s), or thirty days, whichever 
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the 
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 
37 CFR 1.136(a). 



Disposition of Claims 

Kl Claim(s) 43, 44. 47, 49-62, 64-72, and 74-77 



is/are pending in the application. 



Of the above, claim(s) 
□ Claim(s) 



Kl Claim(s) 43. 44, 47, 49-62. 64-72, and 74-77 

□ Claim(s) 

□ Claims 



is/are withdrawn from consideration. 

is/are allowed. 

is/are rejected. 

is/are objected to. 



are subject to restriction or election requirement. 



Application Papers 

□ See the attached Notice of Draftsperson's Patent Drawing Review, PTO-948. 

□ The drawing(s) filed on is/are objected to by the Examiner. 

□ The proposed drawing correction, filed on is Qpproved disapproved. 

□ The specification is objected to by the Examiner. 

□ The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 

□ Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d). 

□ All □ Some* □ None of the CERTIFIED copies of the priority documents have been 

□ received. 

□ received in Application No. (Series Code/Serial Number) . 

□ received in this national stage application from the International Bureau (PCT Rule 17.2(a)). 
* Certified copies not received: . 



□ Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e). 
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□ Notice of References Cited, PTO-892 

□ Information Disclosure Statement(s), PTO-1449, Paper No(s). 

□ Interview Summary, PTO-413 

□ Notice of Draftsperson's Patent Drawing Review, PTO-948 

□ Notice of Informal Patent Application, PTO-1 52 
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U. S. Patent and Trademark Office 
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1 . The Amendment filed September 27, 2000 (Paper No. 43) in response to the 
Office Action of March 22, 2000 (Paper No. 41) is acknowledged and has been 
entered. Previously pending claims 54, 55, 57, 66 and 70 have been amended. 
Claims 43, 44, 47 and 49-62, 64-72 and 74-77 are currently being examined. 

2. The text of those sections of Title 35, U.S. Code not included in this action 
can be found in a prior Office action. 

3 . The following rejections are being maintained: 

Claim Rejections - 35 USC § 112 

4. Claims 43, 49-5 1, 54-55 remain rejected under 35 USC 1 12, first paragraph 
for the reasons previously set forth in Paper No. 41, Section 10, pages 7-8. 

Applicant argues that the composition is a useful component of a vaccine and 
that the specification enables a haptenized tumor cell composition in combination 
with an adjuvant and that for that reason both components must be enabled. 
Applicant further cites case law to demonstrate that products are useful if they serve 
as starting materials in producing other materials which are directly useful and 
therefore Examiner errs in interpreting these claims as requiring adjuvant. The 
argument has been considered but has not been found persuasive because the claims 
are not drawn to a component of a vaccine that upon addition of an adjuvant will 
elicit an immune response but rather specifically recite the limitation that upon 
injection the composition (without adjuvant) elicits an inflammatory immune 
response. For the reasons previously set forth, without an adjuvant the claim is not 
enabled. Applicant's arguments have not been found persuasive and the rejection is 
maintained. 



Serial No: 08/203,004 Page 3 

Art Unit: 1642 



Claim Rejections - 35 USC § 103 
5. Claims 47 and 65-72 and 74-77 remain rejected under 35 USC 103 for the 
reasons previously set forth in Paper No. 36, Section 10, pages 8-12 and in Paper 
No. 41, Section 5, pages 2 and 3. 

Applicant argues (a) in order for a combination of prior art references to 
suggest a claimed invention, an objective teaching must exist in the prior art that 
would lead a skilled artisan to combine its teaching; (b) it is impermissible to use 
hindsight reconstruction to pick and choose among isolated disclosures in the prior 
art to deprecated the claimed invention, (c) Applicant takes issue with Examiner's 
contention that Applicant has argued and discussed the references individually 
without clearly addressing the combined teachings since each reference must be 
considered in its sentirely and then evaluation must be made as to whether the 
reference can be properly combined with the others and whether the combination 
suggests the claimed invention with a reasonable expecation of success (d) 
Applicant discusses the individual references, (e) Applicant reiterates the arguments 
drawn to the rejection of claims 47 and 65-76 in Paper No. 36, Section 10, pages 8- 
12. 

The arguments have been considered but have not been found persuasive (a') 
for the reasons previously set forth in Paper No. 51 on page 3, it is suggested that 
Applicant review In re Keller, 642 F.2d 413, 208 USPQ 871 (CCPA 1981), (b') 
Some degree of hindsight is permissible in making rejections under 35 USC 103 
since it must be recognized that any judgment on obviousness is in a sense 
necessarily a reconstruction based upon hindsight reasoning. But, so long as it takes 
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into account only knowledge which was within the level of ordinary skill at Ae time 
the claimed invention was made, and does not include knowledge gleaned only from 
the applicant's disclosure, such a reconstruction is proper. In re McLaughlin , 443 
F.2d 1392, 170 USPQ 209 (CCPA 1971). It is clear that a method for treating 
melanoma comprising sensitizing with DNCB, administering a therapeutically 
effective amount of cyclophosphamide and administering a therapeutically effective 
amount of autologous, irradiated DNP-conjugated melanoma cells mixed with BCG 
was well known in the art as taught by Murphy et al and that immunization 
schedules wherein antigen is administered on a schedule of at least six times at 
spaced intervals was conventional in the art as taught by the Antibody Patents cited 
on Page 10 of Paper No. 36 and that a dose of 300 mg/M 2 was successfully 
administered prior to autologous irradiated, DNP-conjugated melanoma cells as 
taught by Berd et al and the equivalence of halogenated dinitrobenzenes for the 
elicitation of delayed hypersensitivity was known in the art as taught by Geczy et al. 
Given the information known in the art, the combined references teach not only the 
suggestion but also the means and motivation to successfully treat a malignant tumor 
in a human patient as claimed, (c') upon review and reconsideration it is found that, 
in Examiner's view, Applicant did not clearly address the combined teachings of the 
references, (d') and (e') Applicant's arguments are not persuasive for the reasons 
previously set forth. Applicant's arguments have not been found persuasive and the 
rejection is maintained. 
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6. Claims 47 and 65-72 and 74-77 remain rejected under 35 USC 103 for the 
reasons previously set forth in Paper No. 36, Section 11, pages 12-15 and in Paper 
No. 41, Section 6, page 4. 

Applicant argues that for the reasons set forth above the rejection is in error 
and should be withdrawn. The argument has been considered but is not found 
persuasive for the reasons set forth above. Applicant's arguments have not been 
found persuasive and the rejection is maintained. 

7. Claims 43, 44, 47 and 49-62, 64-72 and 74-77 remain rejected for the reasons 
previously set forth in Paper No. 36, Section 12, pages 15-18 and in Paper No. 41, 

Section 7, pages 4-5. 

Applcant argues that (a) it is not expected that vaccines using other types of 
rumor cells would behave in a mechanistically similar manner to the melanoma 
vaccine described in Berd et al since Hanna et al teaches a method for treatment of 
human colon cancer using a vaccine made from irradiated human tumor cells and 
Hoover teaches that when comparing vaccines made from irradiated autologous 
cells of colon cancer patients and rectal cancer patients, only the colon cancer 
patients received benefit from the vaccine, (b) Applicant again argues that Wiseman 
does not supply the missing teaching and the "preliminary" nature of the results of 
Berd et al. 

The arguments have been considered but have not been found persuasive 
because (a') Wiseman clearly showed that autologous irradiated melanoma, lung, 
colon and kidney cancer cells were successfully used for successful immunological 
treatment of those cancers and it would have been expected that these cell types, 
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already known in the art to be useful as immunogenic cancer treatments would be 
successfully substituted for the melanoma cells of Berd et al in order to treat the 
other cancer types. The fact that a single cancer cell type is not immunogenic is not 
relevant in view of the demonstrated efficacy of the cell types of Wiseman, (b') the 
arguments are not persuasive for the reasons previously set forth.Applicant's 
arguments have not been found persuasive and the rejection is maintained. 
8. Claims 43, 44, 47 and 49-62, 64-72 and 74-77 remain rejected for the reasons 
previously set forth in Paper No. 36, Section 13, pages 18-21 and in Paper No. 41, 
Section 8, page 6. 

Applicant argues that Berd '83 does not provide an incentive to prepare a 
haptenized tumor cell vaccine or methods of treating cancer using said vaccine. The 
argument has been noted but has not been found persuasive for the reasons 
previously set forth. Applicant is arguing this reference individually without clearly 
addressing the combined teachings. It must be remembered that the references are 
relied upon in combination and are not meant to be considered separately as in a 
vacuum. It is the combination of all of the cited and relied upon refefrences which 
made up the state of teh art with regard to the claimed invention. Applicant's 
claimed invention fails to patentably distinguish over the state of the art represented 
by the cited references taken in combination. In re Young, 403 F.2d 754, 159 USPQ 
725 (CCPA 1968); In re Keller 642 F.2d 413,208 USPQ 871 (CCPA 1981). 
Applicant's arguments have not been found persuasive and the rejection is 
maintained. 



i 



Serial No: 08/203,004 Pa S e7 
Art Unit: 1642 



9. Claims 43, 44, 47 and 49-62, 64-72 and 74-77 remain rejected for the reasons 
previously set forth in Paper No. 36, Section 14, pages 21-25 and in Paper No. 41, 
Section 9, page 7. 

Applicant reiterates the arguments previously set forth. The arguments have 
been considered but have not been found persuasive for the reasons previously set 
forth. Applicant's arguments have not been found persuasive and the rejection is 
maintained. 

1 0. All other objections and rejections recited in Paper No. 4 1 are withdrawn. 

11. No claims allowed. 

12 THIS ACTION IS MADE FINAL. Applicant is reminded of the extension 
of time policy as set forth in 37 C.F.R. § 1.136(a). 



A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS 
FINAL ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF 
THIS ACTION. IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO 
MONTHS OF THE MAILING DATE OF THIS FINAL ACTION AND THE 
ADVISORY ACTION IS NOT MAILED UNTIL AFTER THE END OF THE 
THREE-MONTH SHORTENED STATUTORY PERIOD, THEN THE 
SHORTENED STATUTORY PERIOD WILL EXPIRE ON THE DATE THE 
ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE PURSUANT 
TO 37 C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE MAILING 
DATE OF THE ADVISORY ACTION. IN NO EVENT WILL THE 
STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX 
MONTHS FROM THE DATE OF THIS FINAL ACTION. 

13. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Susan Ungar, PhD whose telephone number is 
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(703) 305-2 181. The examiner can normally be reached on Monday through Friday 



from 7:30am to 4pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Anthony Caputa, can be reached at (703) 308-3995. The fax 
phone number for this Art Unit is (703) 308-4242. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the Group receptionist whose telephone number is 
(703) 308-0196. 

Effective, February 7, 1998, the Group and/or Art Unit location of your 
application in the PTO has changed. To aid in correlating any papers for this 
application, all further correspondence regarding this application should be directed 
to Group Art Unit 1642. 



Susan Ungar X 
Primary Patent Examiner 
November 28, 2000 
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Office Action Summary 



Application No, 
08/203,004 



Applicant(s) 



Berd 




H Responsive to communications) filed on Jan 14, 2000 . ' 

□ This action is FINAL. . 
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in accordance with the practice under fx parte Quayle, 1 935 CD. 11, 453 o.u. 
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Disposition of Claims 

H Claim(s) a?. 44. 47. and 49-77 



is/are pending in the application. 



Of the above, claim(s) 
□ Claim(s) 



H Claim(s) 4/? 44. 47. and 49-77 

□ Claim(s) 

□ Claims 



is/are withdrawn from consideration. 

is/are allowed. 

is/are rejected. 

is/are objected to. 



are subject to restriction or election requirement. 



Application Papers 

□ See the attached Notice of Draftsperson's Patent Drawing Rev.ew, PTO-948. 

□ The drawing(s) filed on is/are objected to by the Examiner. 
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1 . The Amendment filed November 4, 1999 (Paper No. 38) in response to the 
Office Action of April 28, 1999 (Paper No. 36) is acknowledged and has been 
entered. The Amendment (Paper No. 39) and the Terminal Disclaimer (Paper No. 
40) filed January 14, 2000, in response to the telephone interview of January 13, 
2000 (Paper No. 38.5) have been entered Previously pending claims 63 and 73 
have been canceled, claims 44, 47, 64, 74 and 76 have been amended and new 
claim 77 has been added. Claims 43, 44, 47 49-62, 64-72 and 74-77 are currently 
being examined. 

2. The Terminal Disclaimer filed January 14, 2000 is acceptable. 

3. The text of those sections of Title 35, U.S. Code not included in this action 
can be found in a prior Office action. 

4. The following rejections are being maintained: 

Claim Rejections - 35 USC §103 

5. Claims 47 and 65-76 remain rejected for the reasons previously set forth in 
Paper No. 36, Sections 10 , pages 8-12. 

Applicant argues that (a) the legal test for obviousness cannot be established 
by combining teachings of the prior art absent some teaching or suggestion 
supporting the combination. Under section 103, teachings of references can be 
combined only if there is some suggestion or incentive to do so, (b) Murphy and or 
Berd fail to teach a method of treatment for non-melanoma malignant tumors in a 
human patient, (c) the antibody patents which merely teach conventional methods 
for generating antibodies provide no missing teaching, (d) Geczy fails to provide 
any teaching pertinent to the claimed compositions and methods. 
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The arguments have been considered but have not been found persuasive 
because (a') contrary to the assertion of Applicant, the test for obviousness is not 
that the claimed invention must be expressly suggested in any one or all of the 
references; but rather the test is what the combined teachings of the references 
would have suggested to those of ordinary skill in the art, (b') Applicant is arguing 
limitations not recited in the claims as currently constituted. The claims are drawn to 
a method of treating a malignant tumor in a human patient and as broadly written, 
read on the treatment of melanoma (b'-d') Applicant has argued and discussed the 
references individually without clearly addressing the combined teachings. It must 
be remembered that the references are relied upon in combination and are not meant 
to be considered separately as in a vacuum. It is the combination of all of the cited 
and relied upon references which made up the state of the art with regard to the 
claimed invention. Applicant's claimed invention fails to patentably distinguish over 
the state of the art represented by the cited references taken in combination. In re 
Young, 403 F.2d 754, 159 USPQ 725 (CCPA 1968); In re Keller 642 F.2d 413,208 
USPQ 871 (CCPA 1981), (c') multiple immunizations are conventional in the art for 
producing all forms of immune response, (d') Geczy clearly teach the equivalence of 
CDNB and FDNB. The references teach not only the suggestion but also the means 
and motivation to successfully treat melanoma by sensitizing with FDNB and 
administering cyclophosphamide prior to administering DNP-conjugated tumor cells 
and an adjuvant, which treatment results in the claimed T-cell dependent responses. 
Applicant's arguments have not been found persuasive and the rejection is 
maintained. 
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6. Claims 47 and 65-76 remain rejected for the reasons previously set forth in 
Paper No. 36, Sections 11 , pages 12-15. 

Applicant argues that, for the reasons set forth above, the rejection is in error. 
The argument has been considered but has not been found persuasive for the 
reasons set forth above. Applicant's arguments have not been found persuasive and 
the rejection is maintained. 

7. Claims 43, 44, 47 and 49-76 remain rejected for the reasons previously set 
forth in Paper No. 36, Sections 12 , pages 15-18. 

Applicant argues that (a) there is no reasonable expectation of successfully 
implementing the vaccination program described with respect to melanoma in Berd 
to other tumor types because this reference provides "preliminary" results that "may 
represent a significant advance in the immunotherapy of human melanoma and thus 
it lacks any reasonable expectation of an effective treatment for tumors in general or 
even melanoma in particular, (b) Wiseman does not supply the missing teaching and 
teaches an alternative form of immunotherapy that depends on the route of 
administration, (c) even if combined, the lack of any reasonable expectation of 
success from the disclosure of Berd precludes determining that the invention is 
obvious. 

The arguments have been considered but have not been found persuasive 
because (a) Berd et al clearly teach that treatment of melanoma patients with 
autologous vaccine preceded by low dose CY induces DTH to melanoma cells and 
regression of metastatic tumors. The reference is specifically drawn to increasing 
the efficiency of the process by sensitizing with DNCB and immunizing with tumor 
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cells conjugated to DNP. Clearly, one would have an expectation of success since it 
was already known that immunization with tumor cells alone, after pretreatment 
with CY resulted in regression of metastatic tumors. Further, it was clearly 
demonstrated that a patient developed erthema, followed by ulceration and drainage 
of necrotic material in > 50 large dermal metastasis and that at the time of 
publication, some of the metastasis were beginning to regress, Further the reference 
specifically teaches that tumors were infiltrated with activated T lymphocytes, that 
the tumor masses developed a striking inflammatory response and that the patients 
developed DTH, (b') regardless of the route of administration, Wiseman clearly 
teaches that treatment of patients with lung, colon and kidney cancer with 
autologous tumor cell vaccine preceded by low dose CY leads to prolonged 
survival. It would have been expected that vaccines using other types of tumor 
cells, shown to effectively treat cancer, would behave in a mechanistically similar 
manner to the melanoma vaccine described in Berd et al where it was shown that 
administration of the DNP-conjugated reagent led to DHT against melanoma cells, 
infiltration of the tumors by activated T lymphocytes, inflammation in the tumor 
masses, especially in view of the fact that there is no teaching of any no 
distinguishing features of melanoma tumor cells which would lead one to expect that 
there would be a difference in the immune response to this type of tumor cell in 
particular, (c') Berd et al clearly demonstrate the successful use of the composition 
and the method. Applicant's arguments have not been found persuasive and the 
rejection is maintained. 
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8. Claims 43, 44, 47 and 49-76 remain rejected for the reasons previously set 
forth in Paper No. 36, Sections 13 , pages 18-21. 

Applicant argues that Berd, 1983 is cumulative to the teaching of Berd, 1989 
and that Berd 1983 does not supply any of the other missing teachings that are not 
supplied by the combination of Berd, the antibody Patents and Geczy and that in 
particular, the reference does not provide any teaching concerning a haptenized 
tumor cell vaccine or methods of treating cancer using such a vaccine. The 
argument has been considered but has not been found persuasive for the reasons 
drawn to the lack of persuasiveness of Applicant's arguments drawn to Berd, the 
antibody Patents and Geczy disclosed above and further because, Berd, 1983 is 
cited because it is drawn to treatment of breast cancer patients with autologous 
vaccine. The substitution of the breast cancer cells of Berd 1983 for the melanoma 
cells of Berd, 1989 in the method and composition of Berd 1989 was prima facie 
obvious for the reasons set forth in Paper No. 36. Applicant has argued and 
discussed the references individually without clearly addressing the combined 
teachings. It must be remembered that the references are relied upon in combination 
and are not meant to be considered separately as in a vacuum. It is the combination 
of all of the cited and relied upon references which made up the state of the art with 
regard to the claimed invention. Applicant's claimed invention fails to patentably 
distinguish over the state of the art represented by the cited references taken in 
combination. In re Young, 403 F.2d 754, 159 USPQ 725 (CCPA 1968); In re Keller 
642 F.2d 413,208 USPQ 871 (CCPA 1981). Applicant's arguments have not been 
found persuasive and the rejection is maintained. 
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9. Claims 43, 44, 47 and 49-76 remain rejected for the reasons previously set 
forth in Paper No. 36, Sections 14 , pages 21-25. 

Applicant argues that (a) the deficiencies of Berd, the antibody Patents and 
Geczy have been addressed above, (b) Sanda and Moody fail to supply the missing 
teachings and propose an alternative cancer therapy and neither references provides 
any motivation to decorate the tumor cells with hapten in order to elicit an effective 
immune response. The arguments have been considered but have not been found 
persuasive because (a') for the reasons set forth above, (b') the combined references 
make the invention obvious for the reasons set forth previously and in particular 
Berd supplies the motivation to "decorate the tumor cells with hapten" in order to 
elicit an effective immune response, see above. 

New Grounds of Rejection 
Claim Rejections - 35 USC § 112 

10. Claims 43, 49-5 1, 54-55 are rejected under 35 U.S.C. 1 12, first paragraph, 
because the specification, while being enabling for a composition comprising the 
claimed tumor cell conjugate and an adjuvant, does not reasonably provide 
enablement for a composition comprising the claimed tumor cell conjugate alone. 
The specification does not enable any person skilled in the art to which it pertains, 
or with which it is most nearly connected, to use the invention commensurate in 
scope with these claims. 

The claims are drawn to treatment of malignant tumors with a composition 
comprising a hapten conjugated to a tumor cell. The specification teaches a 
melanoma vaccine administered with BCG and describes immune responses to the 
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melanoma vaccine administered with BCG (page 19-43) and specifically teaches in 
the sentence bridging pages 27-28 that "all vaccines were DNP-conjugated and 
mixed with BCG". It appears that the inclusion of an adjuvant may be a critical step 
since Livingstone et al (of record) disclosed that in a melanoma vaccine using the 
GM2 ganglioside, antibody responses were not induced unless BCG was added to 
the purified GM2 vaccine (p. 2913, paragraph bridging columns 1 and 2). 

Livingstone et al also state that "adjuvants were important factors in the mouse 

studies and results of the present human trials indicate their importance in melanoma 
patients". Further, Hoover et al, of record, also used BCG as an adjuvant in a 
colorectal cancer vaccine and states that the correct amount of the appropriate 
adjuvant was a critical condition of the success of the immunotherapy (p. 1242, col 

I, para 2). Based on the teachings above and in the specification one of skill in the 
art would not expect that the claimed composition could be used as contemplated 
for the treatment of malignant tumors without specifically including an adjuvant as 
demonstrated in the specification. In view of the above, one of skill in the art would 
be forced into undue experimentation to practice the claimed invention. 

I I . Claims 70 is rejected under 35 USC 1 12, first paragraph, as the specification 
does not contain a written description of the claimed invention. The limitation of 
cyclophosphamide administration "only" prior to the first administration of said 
composition has no clear support in the specification and the claims as originally 
filed. The specification teaches that cyclophosphamide is administered 3 days prior 
to each vaccine administration (p. 44, lines 26-27) but does not specifically state 
that the cyclophosphamide is only administered prior to vaccine. The subject matter 
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claimed in claims 47-58 broadens the scope of the invention as originally disclosed 
in the specification. 

12. Claims 57, 66 and 70 are rejected under 35 U.S.C. § 1 12, second paragraph, 
as being indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention. 

Claims 57 is indefinite because there is no antecedent basis for the term 
"cancer" in claim 44 from which claim 57 depends. 

Claim 66 is indefinite because there is no antecedent basis for the term 
"cancer" in claim 47 from which claim 66 depends. 

Claim 70 is indefinite because there is no antecedent basis for the phrase 
"wherein said therapeutically effective amount of cyclophophamide" in claim 47 
from which claim 70 depends. Further, the claim is indefinite as the term 
"cyclophophamide" appears to be a misspelling of the term cyclophosphamide. 

Claim Rejections - 35 USC §103 
13. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 10 , pages 8-12 and above drawn to the rejection of claims 
47 and 65-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 47 and 65-76 under 35 USC 103 are relevant to the instant 
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rejection. The arguments have been considered but have not been found persuasive , 
for the reasons set forth above. 

14. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 1 1 , pages 12-15 and above drawn to the rejection of claims 
47 and 65-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 47 and 65-76 under 35 USC 103 are relevant to the instant 
rejection. The arguments have been considered but have not been found persuasive 
for the reasons set forth above. 

1 5 . Claim 77 is rejected under 3 5 USC 1 03 for the reasons previously set forth in 
Paper No. 36, Sections 12 , pages 15-18 and above drawn to the rejection of claims 
43,44, 47 and 49-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 43, 44, 47 and 49-76 under 35 USC 103 are relevant to the 
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instant rejection. The arguments have been considered but have not been found 
persuasive for the reasons set forth above. 

16. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 13 , pages 18-21 and above drawn to the rejection of claims 

43, 44, 47 and 49-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 

predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 43, 44, 47 and 49-76 under 35 USC 103 are relevant to the 
instant rejection. The arguments have been considered but have not been found 
persuasive for the reasons set forth above. 

17. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 14 , pages 21-25 and above drawn to the rejection of claims 

43, 44, 47 and 49-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 

predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 43, 44, 47 and 49-76 under 35 USC 103 are relevant to the 
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instant rejection. The arguments have been considered but have not been found 
persuasive for the reasons set forth above. 

1 8 All other objections and rejections recited in Paper No. 36 are withdrawn. 

19. No claims allowed. 

20. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Susan Ungar, PhD whose telephone number is 
(703) 305-2 181. The examiner can normally be reached on Monday through Friday 
from 7:30am to 4pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Paula Hutzell, can be reached at (703) 308-43 10. The fax 
phone number for this Art Unit is (703) 308-4242. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the Group receptionist whose telephone number is 
(703) 308-0196. 

Effective, February 7, 1998, the Group and/or Art Unit location of your 
application in the PTO has changed. To aid in correlating any papers for this 
application, all further correspondence regarding this application should be directed 
to Group Art Unit 1642. 




Susan Ungar 

Primary Patent Examiner 

March 20, 2000 
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1 . The Election filed March 15, 1999 (Paper No. 35) in response to the Office 
Action of February 1, 1999 (Paper No. 33) is acknowledged and has been entered. 
Claims 43, 44, 47 and 49-76 are pending in the application and Claims 24-35 have 
been withdrawn from further consideration by the examiner under 37 CFR 1.142(b) 
as being drawn to non-elected inventions. Claims 43, 44, 47 and 49-76 are 
currently under prosecution. 

2 . Applicant's election with traverse of the species of Melanoma and DNP in 
Paper No. 35 is acknowledged. The traversal is on the ground(s) that the no 
restriction of species was made in the grandparent application, Serial No. 
07/520,649 filed May 8, 1990. The argument has been noted and found persuasive 
as drawn to the hapten species. However, the argument has not been found 
persuasive as drawn to the cancer type because a review of the cited application 
revealed that the reason that no election of species, drawn to types of cancers, was 
required was because no species were recited in the claims, further, the specification 
does not appear to be drawn to any type of cancer composition or methods of 
treatment, other than for melanoma. However, upon search of the elected species, it 
became clear that irradiated autologous cancer vaccines were well known in the art 
at the time the invention was made and that haptenization of tumor cell vaccines was 
well known, therefore there was no undue burden in the search of the species and 
the requirement is withdrawn. . 

3. The text of those sections of Title 35, U.S. Code not included in this action 
can be found in a prior Office action. 

4. It is noted that a priority date of February 28, 1994 has been established for 
the instantly claimed application serial number 08/203,004 for all claims drawn to 
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breast, lung, colon, kidney or prostate tumors because the earlier filed applications 
do not disclose compositions comprising hapten modified tumor cell compositions 
or methods useful for the treatment of breast, lung, colon, kidney or prostate tumors. 
If applicant disagrees with any rejection set forth in this office action based on 
examiner's establishment of the priority date set forth above, applicant is invited to 
submit evidence pointing to the serial number, page and line where support can be 
found establishing an earlier priority date. 

New Grounds of Rejection 
Double Patenting 

5 Claims 47, 65-7 1 , 73, 74, 76 are rejected under the judicially created doctrine 
of obviousness-type double patenting as being unpatentable over claims 1 and 2 of 
U.S. Patent No.5,290,551 . Although the conflicting claims are not identical, they 
are not patentably distinct from each other because they relate to the same inventive 
concept. The patented claims are generic to the instant claims and render the species 
claims obvious as they have all the characteristics of a vaccine useful for the 
treatment of a malignant tumor, melanoma, in a human patient comprising irradiated 
autologous melanoma cell conjugated to a hapten selected from the group including 
DNP mixed with an immunological adjuvant wherein said immunological adjuvant 
is BCG and a method of treating melanoma comprising administering 
cyclophosphamide followed by administration of a therapeutically effective amount 
of the claimed vaccine. The limitations recited drawn to eliciting an inflammatory 
immune response against a delayed hypersensitivity response against the tumor, 
activated T lymphocytes that infiltrate the tumor wherein the T lymphocytes are 
predominantly CD8+CD4- are inherent properties of the method since the 
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population that is treated and the method steps recited in US Patent No. 
No.5,290,551 are the same as those of the instant claims. Thus, because the method 
of the patent comprises the same method steps as claimed in the instant invention, 
with the same population, the claimed method is made obvious because the method 
will inherently lead to eliciting an inflammatory immune response against a delayed 
hypersensitivity response against the tumor, activated T lymphocytes that infiltrate 
the tumor wherein the T lymphocytes are predominantly CD8+CD4-. See Ex parte 
Novitski 26 USPQ 1389 (BPAI 1993). Further, the recitation of repetition of 
administration of the vaccine at least six times at spaced apart intervals in claim 47 
does not render the claims unobvious because immunization schedules requiring 
administration of antigen at least six times at spaced intervals are conventional in the 
immunostimulation arts as demonstrated by the teaching in US Patent No. 5,702,704 
(col 20, lines 12-26), No. 5,626,843 (col. 4, lines 28-38), No. 5,008,183 col 5 lines 
48-54), No. 4,232,001 (col 5, lines 25-27) which all teach immunization with at 
least six booster injections of antigen. Although the teaching is drawn to the 
antibody art, it is well known that T cells must be stimulated in order to produce the 
detected antibodies. 

Applicant's argument in Paper No. 32 drawn to claims 47 and 76 are relevant 
to the instant rejection. Applicant argues that claim 47 calls for treating cancer by 
a<hninistering human tumor cells by repeating administration at least 6 times and 
claim 76 claims that administration elicits predominantly CD4-CD8+ T lymphocytes 
and that these claims are not suggested by the claims of the '551 patent. The 
argument has been noted but has not been found persuasive for the reasons stated 
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above, that is that the 6 time repetition is conventional in the irnmunostimulation art 
and that the CD4-CD8+ limitation is an inherent property of the method. 

Claim Rejections - 35 USC § 112 
6. Claims 44, 47, 56-62, 65-72 and 75-76 are rejected under 35 U.S.C. 1 12, first 
paragraph, because the specification, while being enabling for a method of treating a 
malignant tumor in a human patient comprising administering the composition of 
claim 43 and BCG, does not reasonably provide enablement for treatment a 
malignant tumor in a human patient without administering an BCG in combination 
with the claimed composition. The specification does not enable any person skilled 
in the art to which it pertains, or with which it is most nearly connected, to use the 
invention commensurate in scope with these claims. 

The claims are drawn to treatment of malignant tumors with a composition 
comprising a hapten conjugated to a tumor cell. The specification teaches a 
melanoma vaccine administered with BCG and describes immune responses to the 
melanoma vaccine administered with BCG (page 19-43) and specifically teaches in 
the sentence bridging pages 27-28 that "all vaccines were DNP-conjugated and 
mixed with BCG". It appears that the inclusion of the adjuvant may be a critical 
step since Livingstone et al (of record) disclosed that in a melanoma vaccine using 
the GM2 ganglioside, antibody responses were not induced unless BCG was added 
to the purified GM2 vaccinejp. 2913, paragraph bridging columns 1 and 2). 

Livingstone et al also state that "adjuvants were important factors in the mouse 

studies and results of the present human trials indicate their importance in melanoma 
patients". Hoover et al, of record, also used BCG as an adjuvant in a colorectal 
cancer vaccine and states that the correct amount of the appropriate adjuvant was a 
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critical condition of the success of the immunotherapy (p. 1242, col 1, para 2). 
Based on the teachings above and in the specification one of skill in the art would 
not expect that the claimed method would be effective in treating cancer with DNP- 
conjugated vaccines without specifically including BCG as demonstrated in the 
specification. In view of the above, one of skill in he art would be forced into undue 
experimentation to practice the claimed invention 

7. Claim 73 is rejected under 35 USC 1 12, fourth paragraph because it does not 
further limit claim 47 from which it depends. 

Claim Rejections - 35 USC §102 

8. Claim 76 is rejected under 35 U.S.C. § 102(a) as being anticipated by 

Murphy et al, of record. 

The claim is drawn to a method of treating a malignant tumor in a patient 
comprising administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection 
therein, said administration ehciting T lymphocytes that infiltrate the tumor and that 
are predominantly CD8+CD4-. 

Murphy et al teach a method for treating melanoma comprising administering 
a therapeutically effective amount of autologous, irradiated DNP-conjugated 
melanoma cells. Although the reference does not disclose, the elicitation of T 
lymphocytes that infiltrate the tumor and are predominantly CD8+CD4-, the method 
of the prior art comprises the same method steps as claimed in the instant invention, 
that is, aclministering to the patient a composition comprising a therapeutically 
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effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection to 
the same population, thus the claimed method is anticipated because the method will 
inherently lead to eliciting T lymphocytes that infiltrate the tumor and that are 
predominantly CD8+CD4-. See Fx parte Novitski 26 USPQ 1389 (BPAI 1993). 

Applicant's arguments in Paper No. 32 drawn to the rejection of claim 76 
under 35 USC 102(a) are relevant to the instant rejection. Applicant argues that 
new claim 76 calls for a method of treating cancer by administering hapten- 
conjugated human tumor cells wherein said administering elicits predominantly 
CD4-CD8+ T lymphocytes and the Murphy et al paper does not disclose this 
limitation. The argument has been noted but has not been found persuasive for the 
reasons disclosed above, that is that the elicitation of specific T lymphocytes that 
infiltrate the tumor is an inherent property of the method. 

9. Claim 76 is rejected under 35 U.S.C. § 102(b) as being anticipated by Berd et 
al., Proc. AACR, 1989, 30:382, of record. 

The claim is drawn to a method of treating a malignant tumor in a patient 
comprising administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection 
therein, said administration eliciting T lymphocytes that infiltrate the tumor and that 
are predominantly CD8+CD4-. 
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Berd et al teach a method for treating melanoma comprising administering a 
therapeutically effective amount of autologous, irradiated DNP-conjugated 
melanoma cells. Although the reference does not disclose, the elicitation of the T 
lymphocytes that infiltrate the tumor and are predominantly CD8+CD4-, the method 
of the prior art comprises the same method steps as claimed in the instant invention, 
that is, administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection, to 
the same population, thus the claimed method is anticipated because the method will 
inherently lead to eliciting T lymphocytes that infiltrate the tumor and that are 
predominantly CD8+CD4-. See Fx parte Novitski 26 USPQ 1389 (BPAI 1993). 

Applicant's arguments in Paper No. 32 drawn to the rejection of claim 76 
under 35 USC 102(b) are relevant to the instant rejection. Applicant argues that 
new claim 76 calls for a method of treating cancer by administering hapten- 
conjugated human tumor cells wherein said administering elicits predorninantly 
CD4-CD8+ T lymphocytes and the Berd et al does not disclose this limitation. The 
argument has been noted but has not been found persuasive for the reasons 
disclosed above, that is that the elicitation of specific T lymphocytes that infiltrate 
the tumor is an inherent property of the method. 

Claim Rejections - 35 USC § 103 
10. Claims 47, 65-76 are rejected under 35 U.S.C. § 103 as being unpatentable 
over Murphy et al, of record draw to claim 76 in view of US Patent No. 5,702,704, 
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No. 5,626,843, No. 5,008,183 or No. 4,232,001 and Berd et al., Proc. AACR, 1989, 
30:382, of record and Geczy et al, of record. 

The claims are drawn to a method of treating a malignant tumor in a patient 
comprising administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection 
therein, said composition eliciting at least one of the following upon administration 
to said patient with an adjuvant: an inflammatory immune response against the 
tumor; a delayed-type hypersensitivity response against the tumor; and activated T 
lymphocytes that infiltrate the tumor and repeating said aa^iiinistration at least six 
times at spaced apart intervals, wherein said tumor cells are selected from a . group 
including melanoma, wherein the treating is useful for treatment of cancer selected 
from a group including melanoma, wherein said hapten is selected from the group 
including DNP, wherein the method further comprises administering a 
therapeutically effective amount of cyclophosphamide prior to administration of said 
composition, wherein the dose is about 300 mg/M 2 , wherein the patient is sensitized 
with l-fluoro-2,4-nitrobenzene prior to administration of cyclophosphamide wherein 
the composition comprises an adjuvant, BCG, wherein the life of the patient is 
prolonged, wherein the administration elicits T lymphocytes that infiltrate the tumor 
of said human, said lymphocytes being predominantly CD8+CD4-. 

Murphy et al teach as set forth above and further teach a method for treating 
melanoma comprising sensitizing with DNCB, administering a therapeutically 
effective amount of cyclophosphamide and administering a therapeutically effective 
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amount of autologous, irradiated DNP-conjugated melanoma cells mixed with the 
adjuvant BCG. Murphy et al teach as set forth above but do not teach a method 
wherein the vaccine is boosted at least six times at spaced intervals, the 
administration of 300 mg/M 2 of cyclophosphamide, prior sensitization with 1-fluoro- 
2,4-nitrobenzene or eliciting at least one of the following upon administration to said 
patient with an adjuvant: an inflammatory immune response against the tumor; a 
delayed-type hypersensitivity response against the tumor; and activated T 
lymphocytes that infiltrate the tumor or wherein the administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-, wherein the life of the patient is prolonged. 

US Patent No. 5,702,704 (col 20, lines 12-26), No. 5,626,843 (col. 4, lines 
28-38), No. 5,008,183 col 5 lines 48-54), No. 4,232,001 (col 5, lines 25-27) all 
teach conventional immunization schedules wherein antigen administration is 
repeated at least six times at spaced intervals. 

Berd et al teach a successful method of treating melanoma wherein a 
therapeutically effective amount of cyclophosphamide, 300 mg/M 2 of 
cyclophosphamide, is aa^ninistered prior to autologous, irradiated, DNP-conjugated 
melanoma cells. 

Geczy et al teach that halogenated dinitrobenzenes such as 1-chloro- and 1- 
fluoro-2,4-dinitrobenzene are commonly used to elicit delayed hypersensitivity (p. 
189, para 1). 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to combine the methods of Murphy et al and the 
cited patents because it is clearly conventional to repeat antigen administration at 
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least six times at spaced intervals. Although the teaching is drawn to the antibody 
art, it is well known that T lymphocytes must be stimulated in order to produce the 
detected antibodies. One of ordinary skill in the art at the time would have expected 
to successfully use the method with the conventional immunization schedule. 
Further, although the limitations drawn to an inflammatory immune response against 
the tumor, a delayed-type hypersensitivity response against the tumor and activated 
T lymphocytes that infiltrate the tumor wherein the administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4- are not recited in the reference, the method of the prior 
art comprises the same method steps as claimed in the instant invention, to treat the 
same population, thus the claimed method is anticipated because the method will 
inherently lead to an inflammatory immune response against the tumor, a delayed- 
type hypersensitivity response against the tumor and activated T lymphocytes that 
infiltrate the tumor wherein the administration elicits T lymphocytes that infiltrate 
the tumor of said human, said lymphocytes being predominantly CD8+CD4-. See 
Fv parte Novitski 26 USPQ 1389 (BPAI 1993). Further, it would have been prima 
facie obvious to one of ordinary skill in the art at the time the invention was made to 
use a dose of 300 mg/M 2 of cyclophosphamide in the method of Murphy et al 
because Berd et al teach that the dose is therapeutically effective in a method which 
uses the same haptenized melanoma cells with the same population of patients. One 
of ordinary skill in the art would have expected to successfully use the method of 
Murphy with a dosage of 300 mg/M 2 of cyclophosphamide because Berd et al 
demonstrated the successful use of the method. Finally, it would have been prima 
facie obvious to substitute DNFB for the DNCB of Murphy et al because Geczy et 
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al teach that halogenated dinitrobenzenes such a 1-chloro- and l-fluoro-2,4, 
dinitrobenzenes are commonly used to elicit delayed hypersensitivity and are clearly 
closely related haptenic molecules which function to produce the same effects and 
are therefore functionally equivalent. Finally, as drawn to prolonged survival, the 
claimed method appears to be the same as that of the prior art method absent a 
showing of unobvious differences. The office does not have the facilities for 
examining and comparing applicant's method with the method of the prior art in 
order to establish that the method of the prior art does not possess the same 
material structural and functional characteristics of the claimed method. In the 
absence of evidence to the contrary, the burden is upon the applicant to prove that 
the method of the prior art does not result in prolonged survival of the patient and is 
functionally different than the method taught by the prior art and to establish 
patentable differences. See In re Best, 562 F.2d 1252, 195 USPQ 430 (CCPA 1977) 
and Ex parte Gray, 10 USPQ 2d 1922 1923 (PTO Bd. Pat.App. & Int.). 

Applicant's arguments drawn to the rejection of claims 47, 65-71, 73 and 74 
in Paper No. 32 are relevant to the instant rejection. 

Applicant argues that claims 47, 65-71, 73 and 74 are not anticipated by 
Murphy et al because claims 65-71, 73 and 74 depend from claim 47. The argument 
has been noted but has not been found persuasive for the reasons disclosed above. 
1 1 . Claims 47, 65-76 are rejected under 35 U.S.C. § 103 as being unpatentable 
over Berd et al., Proc. AACR, 1989, 30:382, of record, in view of US Patent No. 
5,702,704, No. 5,626,843, No. 5,008,183 or No. 4,232,001 and Geczy et al, of 
record. 
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The claims are drawn to a method of treating a malignant tumor in a patient 
comprising administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection 
therein, said composition eliciting at least one of the following upon adrninistration 
to said patient with an adjuvant: an inflammatory immune response against the 
tumor; a delayed-type hypersensitivity response against the tumor; and activated T 
lymphocytes that infiltrate the tumor and repeating said administration at least six 
times at spaced apart intervals, wherein said tumor cells are selected from a group 
including melanoma, wherein the treating is useful for treatment of cancer selected 
from a group including melanoma, wherein said hapten is selected from the group 
including DNP, wherein the method further comprises aannnistering a 
therapeutically effective amount of cyclophosphamide prior to administration of said 
composition, wherein the dose is about 300 mg/M 2 , wherein the patient is sensitized 
with l-fluoro-2,4-nitrobenzene prior to administration of cyclophosphamide wherein 
the composition comprises an adjuvant, BGC, wherein the administration prolongs 
survival of said patient wherein the administration elicits T lymphocytes that 
infiltrate the tumor of said human, said lymphocytes being predominantly 
CD8+CD4-. 

Berd et al teach a method for treating melanoma comprising sensitizing with 
DNCB, administering 300 mg/M 2 of cyclophosphamide prior to administering a 
therapeutically effective amount of autologous, irradiated DNP-conjugated 
melanoma cells mixed with the adjuvant BCG wherein the patients are sensitized 
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with DNCB prior to cyclophosphamide administration. Berd et al teach as set forth 
but do not teach a method wherein the vaccine is boosted at least six times at spaced 
intervals or eliciting at least one of the following upon administration to said patient 
with an adjuvant: an inflammatory immune response against the tumor; a delayed- 
type hypersensitivity response against the tumor; and activated T lymphocytes that 
infiltrate the tumor or wherein the administration elicits T lymphocytes that infiltrate 
the tumor of said human, said lymphocytes being predominantly CD8+CD4- or that 
the administration prolongs survival of the patient. 

US Patent No. 5,702,704, No. 5,626,843, No. 5,008,183 and No. 4,232,001 
and Geczy et al teach as set forth above. 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to combine the methods of Berd et al and the cited 
patents because it is clearly conventional to repeat antigen administration at least six 
times at spaced intervals. Although the teaching is drawn to the antibody art, it is 
well known that T lymphocytes must be stimulated in order to produce the detected 
antibodies. One of ordinary skill in the art at the time would have expected to 
successfully use the method with the conventional immunization schedule. Further, 
although the limitations drawn to an inflammatory immune response against the 
tumor, a delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-. are not recited in the reference, the method of the prior 
art comprises the same method steps as claimed in the instant invention, and the 
same population, thus the claimed method is anticipated because the method will 
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inherently lead to an inflammatory immune response against the tumor, a delayed- 
type hypersensitivity response against the tumor and activated T lymphocytes that 
infiltrate the tumor wherein the administration elicits T lymphocytes that infiltrate 
the tumor of said human, said lymphocytes being predominantly CD8+CD4-.. See 
F.v parte Novitski 26 USPQ 1389 (BPAI 1993). It would have beenprima facie 
obvious to substitute DNFB for the DNCB of Berd et al because Geczy et al teach 
that halogenated dinitrobenzenes such a 1-chloro- and l-fluoro-2,4, dinitrobenzenes 
are commonly used to elicit delayed hypersensitivity and are clearly closely related 
haptenic molecules which function to produce the same effects and are therefore 
functionally equivalent. Finally, as drawn to prolonged survival, the claimed method 
appears to be the same as that of the prior art method absent a showing of 
unobvious differences. The office does not have the facilities for examining and 
comparing applicant's method with the method of the prior art in order to establish 
that the method of the prior art does not possess the same material structural and 
functional characteristics of the claimed method. In the absence of evidence to the 
contrary, the burden is upon the applicant to prove that the method of the prior art 
does not result in prolonged survival of the patient and is functionally different than 
the method taught by the prior art and to establish patentable differences. See In re 
Best, 562 F.2d 1252, 195 USPQ 430 (CCPA 1977) and Ex parte Gray, 10 USPQ 2d 
1922 1923 (PTO Bd. Pat.App. & Int.). 

12. Claims 43, 44, 47 and 49-76 are rejected under 35 U.S.C. § 103 as being 
unpatentable over Berd et al., Proc. AACR, 1989, 30:382, of record, in view of US 
Patent No. 5,702,704, No. 5,626,843, No. 5,008,183 or No. 4,232,001 and Geczy 
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et al, of record, as applied to claims 47, 65-76 and further in view of Wiseman et al 
(Western J. Med., 1989, 151:283-288). 

The claims are drawn to a composition comprising human tumor cells that are 
conjugated to a hapten, are of the same tumor type as a malignant tumor of a patient 
for whom treatment with the composition is intended, are autologous to said patient, 
have been rendered incapable of growing in the body of a human upon injection 
therein said composition eliciting an inflammatory immune response against the 
tumor wherein the tumor is not melanoma, a method for treating a malignant tumor 
in a human patient comprising administering said composition to the patient wherein 
said composition elicits, following administration of said composition with an 
adjuvant, BCG at least one of an inflammatory response against the tumor, a 
delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the tumor cells are selected from lung, 
colon and kidney, wherein said hapten is selected from the group including DNP 
and TNP, wherein the composition further comprises a carrier which is a saline 
solution or culture medium, wherein the method is useful for the treatment of lung 
cancer, colon cancer, or kidney cancer, wherein the method further comprises 
administering a therapeutically effective amount of cyclophosphamide, 300 mg/M 2 , 
further comprising sensitizing the patient to a therapeutically effective amount of 1- 
fluoro-2,4, dinitrobenzene prior to a&ninistering cyclophosphamide, wherein said 
adrninistration prolongs survival of the patient, wherein said administration elicits T 
lymphocytes that infiltrate the tumor said lymphocytes being predominantly 
CD8+CD4. 
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Berd et al (1989) record, in view of US Patent No. 5,702,704, No. 
5,626,843, No. 5,008,183 or No. 4,232,001, and Geczy et al teach as set forth 
above but the combined references do not teach a composition or method of 
treatment wherein the tumor cells are kidney, colon, lung or wherein the cancer 
treated is kidney cancer, colon cancer or lung cancer. 

Wiseman et al teaches compositions comprising autologous irradiated 
melanoma cancer cells, lung cancer cells, colon cancer cells and kidney cancer cells 
which are administered to treat patients with melanoma, lung cancer, colon cancer, 
and kidney cancer (Table 3, page 285), respectively wherein the patients were 
pretreated with 300 mg/M 2 cyclophosphamide (see abstract - Drug Table) wherein 
the patients showed increased immunological responses to the cancer (see abstract) 
wherein patients with, lung cancer, colon cancer, and kidney cancer all showed 
prolonged survival (Table 3, page 285). 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to substitute the lung cancer cells, colon cancer 
cells or kidney cancer cells of Wiseman et al in the method of Berd et al because 
each of these cell types had been demonstrated to be immunogenic and to elicit 
responses in the respective cancer patients and because Berd et al teaches that 
haptenizing cancer cells increases the efficiency of the immunizing process. One of 
ordinary skill in the art at the time the invention was made would have been 
motivated to substitute the tumor cells of Wiseman et al into the method of Berd et 
al because Wiseman et al teach that their method prolongs survival in some cases 
and Berd et al teach that their method increases efficiency of the immunization 
process, thus increased efficiency would be expected to result in increased treatment 
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efficacy. Further, as drawn to claims 54-55, it is clearly obvious to include a saline 
carrier in a composition which is prepared for in vivo administration because it has 
been held by the Court that a compound and a carrier are obvious, if it is obvious in 
the art to utilize a carrier with related compounds. See In re Rosicky, 125 USPQ 
341 (CCPA 1960). Finally, as drawn to the limitations including, eliciting an 
inflammatory immune response against the tumor, at least one of an inflammatory 
response against the tumor, a delayed-type hypersensitivity response against the 
tumor and activated T, elicits T lymphocytes that infiltrate the tumor said 
lymphocytes being predominantly CD8+CD4, the claimed compositions and 
methods of treatment appear to be the same or similar to those of the combined 
references absent a showing of unobvious differences. The office does not have the 
facilities for examining and comparing applicant's product or methods with the 
product or methods of the combined prior art in order to establish that the product or 
methods of the combined prior art does not possess the same material structural and 
functional characteristics of the claimed product or methods. In the absence of 
evidence to the contrary, the burden is upon the applicant to prove that the claimed 
products and methods are functionally different than those taught by the combined 
prior art and to establish patentable differences. See In re Best, 562 F.2d 1252, 195 
USPQ 430 (CCPA 1977) and Ex parte Gray, 10 USPQ 2d 1922 1923 (PTO Bd. 
PatApp. & Int.). 

13. Claims 43, 44, 47 and 49-76 are rejected under 35 U.S.C. § 103 as being 
unpatentable over Berd et al. (1989) of record, in view of US Patent No. 5,702,704, 
No. 5,626,843, No. 5,008,183 or No. 4,232,001, Geczy et al, of record, as applied 
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to claims 43, 44, 47 and 49-76 and further in view of Berd et al (Proc. Am. Soc. 
Clin. Oncol., 1983, Vol 2:56) 

The claims are drawn to a composition comprising human tumor cells that are 
conjugated to a hapten, are of the same tumor type as a malignant tumor of a patient 
for whom treatment with the composition is intended, are autologous to said patient, 
have been rendered incapable of growing in the body of a human upon injection 
therein said composition eliciting an inflammatory immune response against the 
tumor wherein the tumor is not melanoma, a method for treating a malignant tumor 
in a human patient comprising administering said composition to the patient wherein 
said composition elicits, following administration of said composition with an 
adjuvant, BCG at least one of an inflammatory response against the tumor, a 
delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the tumor cells are selected from the 
group including breast, wherein said hapten is selected from the group including 
DNP and TNP, wherein the composition further comprises a carrier which is a 
saline solution or culture medium,, wherein the method is useful for the treatment of 
breast cancer wherein the method further comprises administering a therapeutically 
effective amount of cyclophosphamide, 300 mg/M 2 , further comprising sensitizing 
the patient to a therapeutically effective amount of l-fluoro-2,4, dinitrobenzene prior 
to administering cyclophosphamide, wherein said aclrninistration elicits T 
lymphocytes that infiltrate the tumor said lymphocytes being predominantly 
CD8+CD4-. 

Berd et al., (1989) of record, in view of US Patent No. 5,702,704, No. 
5,626,843, No. 5,008,183 or No. 4,232,001, Geczy et al, of record, as applied to 
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claims 43, 44, 47 and 49-76 teach as set forth above but the combined references do 
not teach a composition or method of treatment wherein the tumor cells are breast or 
wherein the cancer treated is breast cancer or wherein the life of the patient is 
prolonged. 

Berd et al (1983) teach a composition and a method for the treatment of 
breast carcinoma comprising administration of autologous tumor cell/BCG preceded 
by cyclophosphamide which administration resulted in delayed-type hypersensitivity 
in 5 patients. 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to substitute the breast cancer cells of Berd et al 
(1983) in the method of Berd et al (1989) because this cell type had been 
demonstrated to be immunogenic and to elicit responses in the breast cancer patients 
and one of ordinary skill in the art would have been motivated to substitute the 
breast cancer cells of Berd et al (1983) in the method of Berd et al (1989) because 
Berd et al teaches that haptenizing cancer cells increases the efficiency of the 
immunizing process, thus increased efficiency would be expected to result in 
increased treatment efficacy. Further, as drawn to claims 54-55, it is clearly obvious 
to include a saline carrier in a composition which is prepared for in vivo 
administration because it has been held by the Court that a compound and a carrier 
are obvious, if it is obvious in the art to utilize a carrier with related compounds. 
See In re Rosicky, 125 USPQ 341 (CCPA 1960). Finally, as drawn to the 
limitations including, eliciting an inflammatory immune response against the tumor, 
at least one of an inflammatory response against the tumor, a delayed-type 
hypersensitivity response against the tumor and activated T, elicits T lymphocytes 
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that infiltrate the tumor said lymphocytes being predominantly CD8+CD4 and 
administration leading to prolonged survival of the patient, the claimed 
compositions and methods of treatment appear to be the same or similar to those of 
the combined references absent a showing of unobvious differences. The office does 
not have the facilities for exaniining and comparing applicant's product or methods 
with the product or methods of the combined prior art in order to establish that the 
product or methods of the combined prior art does not possess the same material 
structural and functional characteristics of the claimed product or methods. In the 
absence of evidence to the contrary, the burden is upon the applicant to prove that 
the claimed products and methods are functionally different than those taught by the 
combined prior art and to establish patentable differences. See In re Best, 562 F.2d 
1252, 195 USPQ 430 (CCPA 1977) and Ex parte Gray, 10 USPQ 2d 1922 1923 
(PTO Bd. Pat.App. & Int. Finally although the reference does not specifically teach 
irradiation of the tumor cells prior to administration, it is clear that it would have 
been prima facie obvious and one of ordinary skill in the art would have been 
motivated to treat the cells to prevent their growth in a body prior to administration, 
in order to prevent exogenously derived cancer in the patient. 
14. Claims 43, 44, 47 and 49-76 are rejected under 35 U.S.C. § 103 as being 
unpatentable over Berd et al., Proc. AACR, 1989, 30:382, of record, in view of US 
Patent No. 5,702,704, No. 5,626,843, No. 5,008,183 or No. 4,232,001, Geczy et al, 
of record, as applied to claims 43, 44, 47 and 49-76 and further in view of Sanda et 
al (J. Cellular Biochem. Suppl. No. 17, Part D, p. 120) and Moody et al (J. Urol., 
1991, 145:293A). 
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The claims are drawn to a composition comprising human tumor cells that are 
conjugated to a hapten, are of the same tumor type as a malignant tumor of a patient 
for whom treatment with the composition is intended, are autologous to said patient, 
have been rendered incapable of growing in the body of a human upon injection 
therein said composition eliciting an inflammatory immune response against the 
tumor wherein the tumor is not melanoma, a method for treating a malignant tumor 
in a human patient comprising administering said composition to the patient wherein 
said composition elicits, following administration of said composition with an 
adjuvant, BCG at least one of an inflammatory response against the tumor, a 
delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the tumor cells are prostate, wherein 
said hapten is selected from the group including DNP and TNP, wherein the 
composition further comprises a carrier which is a saline solution or culture medium, 
wherein the method is useful for the treatment prostate cancer, wherein the method 
further comprises administering a therapeutically effective amount of 
cyclophosphamide, 300 mg/M 2 , further comprising sensitizing the patient to a 
therapeutically effective amount of l-fluoro-2,4, dinitrobenzene prior to 
administering cyclophosphamide, wherein the life of the patient is prolonged, 
wherein said administration elicits T lymphocytes that infiltrate the tumor said 
lymphocytes being predominantly CD8+CD4-. 

Berd et al. (1989), of record, in view of US Patent No. 5,702,704, No. 
5,626,843, No. 5,008,183 or No. 4,232,001, Geczy et al, of record, as applied to 
claims 43, 44, 47 and 49-76 teach as set forth above but the combined references do 
not teach a composition or method of treatment wherein the tumor cells are prostate 
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or wherein the cancer treated is prostate cancer or wherein the life of the patient is 
prolonged. 

Moody et al (J. Urol., 1991, 145:293A) teach that lymphokine-transfected 
prostate cells generate an anti-tumor effect in vivo against rapidly growing rat 
prostate carcinoma induced by autologous, cells that were not transfected. 

Sandra et al addressed the feasibility of gene therapy for human prostate 
cancer by demonstrating that retroviral vector MFG allows high efficiency 
transduction of human prostate cancer cells which was demonstrated in primary 
culture prostate cancer cells from 7 consecutive patients which demonstrates the 
feasibility of using MFG in genetic therapy for prostate cancer (see abstract). 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to substitute the prostate cancer cells of Sandra et 
al, transfected with lymphokine in the method of Moody et al for the melanoma cells 
in the method of Berd et al because Moody et al have demonstrated in an 
appropriate animal model that lymphokine-transfected prostate cells generate an 
anti-tumor effect in vivo against rapidly growing prostate carcinoma and because 
Sandra et al have demonstrated the feasibility of gene therapy for human prostate 
cancer by demonstrating the successful transfection of human prostate cancer cells 
with retroviral vector MFG. One of ordinary skill in the art would have been 
motivated to substitute the prostate cancer cells of Sandra et al, transfected with 
lymphokine in the method of Moody et al for the melanoma cells in the method of 
Berd et al because autologous anti-cancer cell vaccination was known to those of 
ordinary skill in the art and because Berd et al teach that the method that 
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haptenizing cancer cells increases the efficiency of the immunizing process, thus 
increased efficiency would be expected to result in increased treatment efficacy. 
Further, as drawn to claims 54-55, it is clearly obvious to include a saline carrier in 
a composition which is prepared for in vivo administration because it has been held 
by the Court that a compound and a carrier are obvious, if it is obvious in the art to 
utilize a carrier with related compounds. See In re Rosicky, 125 USPQ 341 (CCPA 
1960). Finally, as drawn to the limitations including, eliciting an inflammatory 
immune response against the tumor, at least one of an inflammatory response 
against the tumor, a delayed-type hypersensitivity response against the tumor and 
activated T, elicits T lymphocytes that infiltrate the tumor said lymphocytes being 
predominantly CD8+CD4 and administration leading to prolonged survival of the 
patient, the claimed compositions and methods of treatment appear to be the same 
or similar to those of the combined references absent a showing of unobvious 
differences. The office does not have the facilities for examining and comparing 
applicant's product or methods with the product or methods of the combined prior 
art in order to establish that the product or methods of the combined prior art does 
not possess the same material structural and functional characteristics of the claimed 
product or methods. In the absence of evidence to the contrary, the burden is upon 
the applicant to prove that the claimed products and methods are functionally 
different than those taught by the combined prior art and to establish patentable 
differences. See In re Best, 562 F.2d 1252, 195 USPQ 430 (CCPA 1977) and Ex 
parte Gray, 10 USPQ 2d 1922 1923 (PTO Bd. PatApp. & Int. Although neither the 
Moody et al or Sandra et al reference specifically teaches irradiation of the tumor 
cells prior to administration, it is clear that it would have been prima facie obvious 
and one of ordinary skill in the art would have been motivated to treat the cells to 
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prevent their growth in a body prior to administration, in order to prevent 
exogenously derived cancer in the patient. 

15. If applicant disagrees with any rejection set forth in this office action based 



on examiner's establishment of a priority date of February 28, 1994 for the instantly 
claimed application serial number 08/203.004, applicant is invited to submit 
evidence pointing to the serial number, page and line where support can be found 
establishing an earlier priority date. 

16. No claims allowed. 

17. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Susan Ungar, PhD whose telephone number is 
(703) 305-2181 . The examiner can normally be reached on Monday through Friday 
from 7:30am to 4pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Paula Hutzell, can be reached at (703) 308-4310. The fax 
phone number for this Art Unit is (703) 308-4242. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the Group receptionist whose telephone number is 
(703) 308-0196. 

Effective, February 7, 1998, the Group and/or Art Unit location of your 
application in the PTO has changed. To aid in correlating any papers for this 
application, all further correspondence regarding this application should be directed 
to Group Art Unit 1642. 
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407 MATURE TERATOMA IN THE LUNG FOLLOWING GONADAL 

TERATOCARCINOMA. C.A. Moran and D CaV.cr Yale 
University School of Medicine. New Haven. Cl. 

Three cases in which maiurc teratomas were the onlv 
pulmonary manifestation 0 f metastases from gonadal 
cratocarc.nomas - Embryonal carcinoma & Teratoma - "re 
found .n the files of the Yalc-Ncw Haven Hospital. The patten s 

^Ltcf™ Th 58 y " rS ° f 3fiC Whc " orchiectomy w 

performed The pr.mary tumors each contained a prominent 
embryonal carc.noma component J$ well as elements of manure 
and .mmature teratoma. Jhc interval from orchiectomy to 
appearance of pulmonary metastases was less than 4 months and 
chemotherapy was g.vcn prior to removal of the pulmonary 
metastases .n all cases. Two underwent thoracotomy Vomp.l/ 
bu ,hc .ntcrval w as 9 years in the other. | n lwo . the lesions were 
sohury; .he rcsccnon a. 9 years contained multiple lesions. All 
were sol.d and cystic grossly and c ; iifcIy m3(u A fc 
microscopically. Dermal and m uci n-sec re, in g ' glandular 

cp..hcl 1U m prcdomma.cd in the cystic areas; fibrous stroma w« 
.He predominant fe atU rc of the solid areas. Bronchia 
d.ffcrcm.anon. winch „ usually a component of prjmjrv 
and immature teratomas of the lung. w 3s not evident. The course 
-n all cases has been indolent with none of ,hc patients showinc 
mamfesiauons of disease at this lime. m1. 
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P£TECTION OF IMMUNOGLOBULIN (Iti GEKP 
UTILIZATION BY IN SfTU HYBRIDIZATION (Km W?r» 
OLIGONUCLEOTIDE PROBES ™ W1TH 

J D. Mueller, A-A, Lon«r\ KJ. Barrett R.S. Schwnrtt* HJ Wolf. 
DepL of Pathology, Ubonrtorj of Mclec^r Sc£ ' £t ' of 
HemAt^oKy^ocoIoor. -Dept. of I„t«TuU MedSnT of 
Hetnaloloor-Oncology TufU-New England MedaaTSnT^ iw? MA 

There Ls very Utile information conccrninfr the exDrcas*d la r+n*r*»i*. 
of^lecte^ human B lymphocyte* w7£v e ^ 

vanable regions of human Ig heavy chain, including each of th* 8 

wuh S35dATP tumg terminal deorynucleotidyl transferase. CeL were 
Hut^B^ J^ 0 ™"*'** - d ^ onto geTimS | .E 
Human B lymphocyte clones producing Ig of known isotype and whose 
00^^"^ 1 were us£ to deve^ 

optimal ISH condiUor* for each individual probe. Required strirurencies 

Zuul^ VWyinff ^ % formamid * of hybridixation^f 

solutions mamuurung constant temperature and aait concentration 

SSZfKT"* dl/rCr ? t W famili " are readi * ^tinguianahS 
under rugh stringency done* with sequence homolo^ ofuTto 87^(2 

W and CD^ U J^^-^ ^ ^reaaionTSdividul? 
t^h^M-T sequcnCM . b > r B cells can be enumerated with this 

£2S ^ K PermUtmg * prCCi3e <l^*"nination of the expreJS 
repertoire of human unmunogiobulin genes in normal and Xeased 



408 IMACE ANALYSIS OF NUCLEOLI AND NUCLEOLAR ORCANIZ INC 

CARCIN0^ CI F NS Hc N t P r ST ; TI ^ AND P^OST^C 

CARCINOMA. F. Mo.tofi, I. Sesterhenn, R. Becker T Lin 
and c. Davla( Armcd Forcea i„ Eleuee Qf pac • 
Washington, DC 67 ' 

er.pcon during th« U te interphase. NORs c.n be 

" « ' Uvtr '" ln '- In n °™«l «H». only one 

or two of th... «r« visib!.. NOR count, have been used to 

lYZ J"* in"'" i<nt8n ina ' MU «nant lesions. 

We studied 20 prostates exhibiting area, of hyperplasia 
nvas iv, carcinoma PCa) and intraepithelial neopfa.U * 
i An c coun " d '0 nuclei from each area of hyperplasia 
100 of each PCa area, and 100 from each PIN .„ ^ 
mea.uremenc was carded out using Leltz-TAS .y.tem and 
.•=.*rmin.d the total combined are. of nucleoli and NOR. oer 
th" e":; ,?T ° ( h ^ r Pl»" differed from ' 

'*V'- A 2 *"? "r" 1 " """"-a- The Pooled values of 
.-' differed only .lightly from tho.e of th* tnva.ive 
c.r-.inomas. The determination of NOR. Is an objective 
~:.io.J :o differentiate PIN from hyperplasia. The 
impression, gained on H-E stained section, and imnuno- 
?a:holo ;y . that PIN Is related to carcinoma i, further 
supported by the NOR value, which , U g ge .t proliferative 
activity ,l„lUr to that of carcinomas. pr0U,er4ttve 



41 1 ? E SSf T ^ N rnL^T AN T - CELL LEUKEMIA VIRUS TYPE 
I DNA IN FORMALIN FIXED PARAFFIN EMBFOnpn 

TISSUE BY POLYMERASE CHAIN REACTION^ K . Mukai f Y 

M^MAnfi' ^ Uruya ' T - Kinoshita, and Y. Shimosato/ 

Japan Research Institute, Tokyo, 

Ivmnhnfi^/^frt 900515 ° f adult T " ce11 leukemia/ 
lymphoma (ATLD cannot be made in cases which were 
diagnosed and treated before the development of 

type ^S?£v t M t V 0r ^ T " CeU l6Uk ^ ia virus 
type I (HTLV-I). i n order to assess whether retro- 

HTLV V n N A tUdy ,° f A T LL iS feasib ^, detection of 
HTLV-I DNA in formalin fixed paraffin embedded 
tumor tissue of known ATLL patients was attempted 
using polymerase chain reaction (PCR). A cru&e DNA 
sample from a 5 micron paraffin section was used as 
t r1n P K f° r in Vitro enzymatic amplification of 
httI t t G i l n ng se< I ue ; ce within the 333 gene of 
HTLV-I in 10 cases of ATLL with positive antibody 
titers for HTLV-I, the presence of HTLV-1 sequence 
was detected in all cases, m addition, four of 
five cases of clinically suspected ATLL but without 
for°HTLV C l l confirmation showed positive reaction 

The results indicated that PCR is a sensitive 
tool for detection of HTLV-i DNA in formalin fixed 
paraffin embedded tissue and that this method can 
be applied for retrospective studv of ATLL. 



409 ?.?, P e£ ESSI0N ° F a ACT,N AND DESMIN IN NON- 
MUSCLE SARCOMAS AND SARCOMA-LIKE LESIONS IP 
Mozz.cato, N. Azumi. and K. Leslie. University of Vermont CoH«c o^ : 
Mcdianc Burlm B «on.. VT and Georgetown University School o 
Medicine. Wjshmgion, DC ui 

3 actio is an ubiquitous isotypc of this cytoskclctal filament and is 
not ,pcc,f,c for muscle cells. Because many an.i-actin antioTdie detcc 
th,s .sotypc they are not useful in the diagnosis of sarco™ vJ: n . 

sneciHe t ^T™' ^ *™ l °P™'" °f monoclonal antibodies 
spcc.f c to muscle .sotypes of actin ( a ,nd/or 7 ) and to d«min have 

P r; d We Cf h U '\ thC fl gn ° SiS ° f '--n-arcoma and rhabd"a r 
\ ? t J-« C f0und " howcvcr - lh =t o'her mesenchymal lesions with. 
«... nwclc d.ffercni. a , w „ occasionally express mu«lc.«pcc:fic °c in Tn 
*' \° V'. C .' ;x ? rcss,on °' musclc-^ccific act.n amont the.- 
mcscnchymu lemons w C performed immunohisiochcmic.il S tudic, in^ 
, mnnoclonal ant.bndv to ,mo (( th-musclcspcci.ic isotypc of acin (I* 
SM acn). | n addmon. monoclonal antibodies .0 v mentin and 

"u^Lm" V ° ^^"^ P-affin^mbeddeU 

u,s Irom exso of mal.gnam l.iuous histiocytoma (MFH) nodui ■•• 
Ijcutis. and fibrosarcoma. Approximately 25% uf the MFH «"i 
v.r.ual.y all of the nodular f„cii.i, cases showed at |„f, fo'ca a SM 
act.n and. less frequently, de.min positivity. One case of ulTot -cotl 
.hnwed weak and focal a-SM acin posi.ivi.y. w c „,„I- * , ^ 
*P«/«»«; «f.n and desmin reactivity most likely indica.es myonorob- 

o fn 1,IOn ' n 'l 0n l mU!!ClC S ° f! tl " UC ksions ' furthermore, cau- 

"° n Nhnuld b t c ««rci$cd when d.agnoiing muscle diffcrcn.ia.ion in a 
uven mesenchymal lesion based solely on reac.iviu of these an.ibod.es 
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/ 412 TUMOR "^FILTRATING T CELLS IN METASTATIC MELANOMA: 
/ IN0UCTION BY IMMUNIZATION WITH AUTOLOGOUS DNP* 

CONJUGATED TUMOR CELLS G. F. Murphy , A. Raou. M. Masirangeto. 0. B^rd. 

is universrty ol Pennsylvania & Thomas JtllfirSOn University. PhHadelphia. PA ^ 

The purpose ol this study was to deiermine whether immune mechanisms are 
responsible for clinically-regressing melanoma melasiases in the dermis and 
subcutis of patients who have been immunized with dinitrophenol (0NP)- 
coniugated melanoma cells. Two weeks after topical sensitization with 
dmitrochlorobenzene. subjects pretreated with the immunopolentiating agent 
cyclophosphamide were injected with vaccine consisting of lO-25Xt0 6 
autologous, irradiated. ONP-conjugated melanoma cells mixed with BCG. A total 
o( 10 excisional biopsies of metastatic nodules from 7 patients were obtained 
coincident with evidence o« clinical regression {erythema, softening, di minution in 

Whereas "hT.mune csw^cyid not be delected in tumor nodules prior to 
meTapy. immunohistochemical analysis of regressing lesions after immunization 
revealed inlilt ration by preponderantly T cells with cylotoxic/suppressor 
phenotype. All T cells expressed HLA-OR antigen, and variable numbers snowed 
reaciivity tor lt-2 receptor and CD45R lymphocyte surface antigen (2H4) associated 
with suppressor-tnducer lunaon. intercellular adhesion molecule- 1 (ICAM-1) was 
expressed ioca:.'y 5y melanoma ce'ls. and :he patterns ol reactivity ccincideo" 
prec:teiy with :c.?es of T ce:l »nliUra:ton. Numerous HLA OR-posiiive. C04- 
posmve. Leu t-negaiive dendritic ceils infiltrated throughout ine melano.T.a 
nocuies. Rare ciusiers cf natural killer ceils (Leu 7. Leu \ 1 . ar,a n:<h- *. -positive) 
v/«:? yto Je^ectTi. n :«.T«rs e.<htbiting local necrosis. T cells and dendr;tic ceHs 
A-ere lenger prcrriner.t. ard Leu Mi-posnive monocyte/macrophages 
representea ine predominant inllammator/ !ype. 

These data indicate that tumor regression m ims model involves activated T ce»s 
with pc.emial for cytotoxic Junction ar.d dendmic cells putatively capable ol local 
antigen presentation. iCAM i induction appears to be associated with T ceu-tumc 
cell adhesion induced Dy ir.is nove: mcde of immunotherapy. 



United States Patent iw 

Bucala 

r5 4] ANTIBODIES TO IN VIVO ADVANCED 
GLYCOSYLATION ENDPRODUCTS 

[75] Inventor Richard J. Bucala, New York, N.Y. 

[73] Assignee: The Rockefeller University, New York, 
N.Y. 

[21] AppL No.: 486,513 

[22] Filed: Jan. 7, 1995 

Related VS. Application Data 

[601 Division of Sex No. 956,849, Oct 1, 1992, wtoch b a 
continuation-in-part of Scr. No. 811,579, Doc. 20, 1991, 
abandoned 



[51] Int. CL 6 

[52] vs. a. 



C07K 16/18; A61K 39/395 
.424/1374; 424/152.1; 



424/172.1; 530/387.5; 53CV388.2; 530/388.25; 

530/389.1; 530O893; 5308913 

[58] Rdd of Search 530/387.5, 388.2, 

530389-25, 389.1, 3893, 3913; 424/137.1, 

152.1, 172.1 



[56] References Cited 

U.S. PATENT DOCUMENTS 

3,654,090 4/1972 HennansetaL. 

3,850,752 11/1974 Scfamns ct al. . 

4,016,043 4/1977 Schnars et al. . 

4,807,973 2/1989 Goers ctaL 

5,223,392 6/1993 Cohen . 



424/181.1 



FOREIGN PATENT DOCUMENTS 



8906798 
WO 89/06798 



7/1989 WO ~ 

7/1989 WIPO . 

OTHER PUBLICATIONS 



G01N 33)53 



Araki et aL J. BioL Chem. 267:10211-4 (1992). 
Hcriuchi, S., et aL J. Biol. Chem 226 (12):7329-7332 
(1991). 

Nakayama, H., et al Biochem. Biophys. Res. Com. 
162:740-745 (1989). 

Suarez, G., et al. J. BioL Chan. 264 (7)3674-3679 (1989). 
Kennedy et al. Diabetologia 26:93-98. (1984). 
Vlassara et aL, "Functioin of macrophage receptor for 
nonenzymaucally glycosylated proteins is modulated by 
insulin levels", Diabetes, 35 Supp. 1, p. 13a (1986). 
Vlassara et al., "Accumulation of diabetic rat peripheral 
nerve myeline by macrophages increases with (he prescence 
of advanced glycosylation endproducts", A. J. Exp. Med 
160, pp. 197-207 (1984). 

Vlassara et aL, "Recognition and uptake of human diabetic 
peripheral nerve myelin by macrophages-, Diabetes, 34 No. 
6, pp. 553-557 (1985). 

Vlassara et aL, "High-^f^tyweceptcc-incdiated uptake 
and degradation of glucose-modified proteins: a potential 
mechanism for the removal of senscent macrornolecules", 
froc NatL Acad. Sci. U.S.A., 82, pp. 5588-5592 (Sep. 
1985). 

Vlassara et aL, "Novel macrophage receptor fox glucose- 
modified proteins is distinct from previously described scav- 
enger receptors", J. Exp. Med. 164, pp. 1301-1309 (1986). 



US005702704A 
[ii] Patent Number: 5,702,704 
[45] Date of Patent; Pec, 30, 1997 

Cerami et al., "Role of nonenzymatic glycosylation in 
atherogenesis". Journal of Cellular Biochemistry, 30. pp. 
111-120(1986). 

Radoff, S. et aL, "Characterization of a solubilized cell 
surface binding protein on macrophages specific for proteins 
modified noncozymatically by advanced glyoosylation end 
products", Arch. Biochem. Biophys. 263 No. 2, pp. 418-423 

(1988). . 
Yang, Z. ct al., *Two novel rat liver membrane proteins that 
bind advanced glycosylation endproducts: reUtionship to 
macrophage receptor for glucose-modified proteins", J. 
Exp. Med. 174, pp. 515-524(1991). 
Skolnik, B. et al., "Human and rat mesangial cell receptors 
for glucose-codified proteins: potential role in kidney tissue 
remodelling and diabetic nephropathy", J. Exp. Med., 174, 
pp. 931-939, 1991. 

Makita, Z. et al., "Hemoglobin-age: a circulating marker of 
advanced ^ycosylation", Science 258, pp. 651-653, 1992. 
Horiuchi, S. et aL, "Purification of a receptor for formalde- 
hyde-treated serum albumin from rat liver". J. BioL Chem., 
4,260,pp.482r488(1985). 

Takata, K. et aL, "Scavenger receptor-mediated recognition 
of maleylated albumin and its relation to subsequent 
endocytic degradation", Biochem. Biophys. Acta., 984, pp. 
273^80 (1989). 

Goldstein, J.L. et aL, "Binding site on macrophages that 
mediates uptake and degradation of acetylated low density 
lipoprotein , producing massive cholesterol deposition" 
Prcc Natl Acad. USA. 76, pp. 333-337 (1979). 
Kirstein, M. et aL, "Advanced protein glyoosylation induces 
txansendothelial human monocyte chemotaxis and secretion 
of platelet-derived growth factor: role in vascular disease of 
diabetes and aging", Proc. Nat'L Acad. ScL U.SA, 87, pp. 
9010-S014 (1990). 

Fltickiger, R. et aL, 'Measurement of nonenzymatic proton 
glycosylation", Methods EnzymoL, 106, pp. 77-87 (1984). 
Bucala, R. et aL, "Ouffacteriration of Antisera to the Addi- 
tion Product Formed by the Nonenzymatic Reaction of 16 
3Hydrozyestrone with Albumin", Mol. IrnmunoL, 20, pp. 
1289-1292 (1983). 

(list continued on next page.) 

Primary Examiner--Christm& Y. Chan 

Assistant Examiner— ^osm Cech 

Attorney, Agent, or Ffmi— Kiauber & Jackson 



[57] 



ABSTRACT 



The circulating advanced glycosylation endproducts 
Hb-AGE, serum AGE-peptides and urinary AGE-peptides 
are disclosed as long term markers of diseases and dysfunc- 
tions having as a characteristic the presence of a measurable 
difference in AGE concentration- Diagnostic and therapeutic 
protocols taking advantage of the characteristics of these 
AGEs are disclosed. Antibodies which recognize and bind to 
in vrvo-derived advanced glycosylation endproducts are also 
disclosed. Methods of using these antibodies as well as 
pharmaceutical cwnpoations are also disclosed, along with 
numerous diagnostic applications, including memods for the 
measurement of the presence and amount of advanced 
glycosylation endproducts in both plants and aniinals, 
jnrfiHing humans, as well as in cultivated and sysmesized 
protein material for merapcutic use. 

15 Claims, 12 Drawing Sheets 
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ANTmnniSS TO IN VIVO ADVANCED H., J. EXP. MED., Vol. 174, pp. 93 1-939; and 

^^O^jJnON S^DUCTS "HEMOGLOBIN-AGE: A CIRCULATING MARKER OF 

GLYCOSVLATION ENDPRUW^w ADVANCED GLYOOSYLAIION*\ Makita, Z., Vlassara, 

rarvtt REFERENCE TO RELATED H., Rayfield, E., Cartwright, K., Friedman, E., Rodby, R, 

^SKS^^ 5 cerami, A. and Bucala, R.. SCIENCE, (In Press). All of the 

foregoing publications and all other references ated herein 
The present Application is a Division of application Set m incorporated by reference. 
xj 0 07/956 849 filed Oct. 1, 1992, pending, which is a 

totLation-In-Part of appUcation Ser. No. 07/811,579, BACKGROUND OF THE INVENTION 

filed Dec. 20, 1991, now abandoned, by the inventor herein. i0 ^ ^ invcntioil ^ties generally to the detection 
Priority under 35 U.S.C. §120 is claimed as to (he above ^ meafiuremcnt of 0 onenzymatically glycosylated 
earlier filed Application, and the disclosure thereof is moor- md particularly to methods and associated mate- 

porated herein by reference. r 2^ s fa ^ detection and measurement of proteins that have 

™ AXRn pirRiirATIONS been nonenzymaticaUy glycosylated in vivo. 

RELATED PUBLICATION 15 Rcducing sugars, e.g., glucose, have been shown to react 

The following articles are noted as they are generally non-enzymatically with protein amino groups to form a 
directed to the subject matter of the present invention: diverse series ofprotein bound moieties with fluorescent and 
"FUNCTION OF MACROPHAGE RECEPTOR FOR crosslinMng properties. These compounds, called advanced 
NONENZYM ATICALLY GLYCOSYLATED PROTEINS giycosylation endproducts ("AGEs"), have been impUcated 
IS MODULATED BY INSULIN LEVELS", Vlassara, 20 m the structural and functional alteration of proteins during 
Brownlec and Cerami, DIABETES (1986), Vol. 35 Supp. 1, ag^g and in certain diseases, e.g., long-term diabetes. 
Page 13a; "ACCUMULATION OF DIABETIC RAT Several AGEs have been identified on the basis of de novo 
PERIPHERAL NERVE MYELIN BY MACROPHAGES synthesis and tissue isolation procedures. 
INCREASES WITH THE PRESENCE OF ADVANCED The reaction between reducing sugars and the free amino 
GLYCOSYLATION BYPRODUCTS", Vlassara, H., 25 ^ xtps Q f proteins initiates the posMraiislational modifica- 
Brownlec, M., and Cerami, A. J. EXP. MED. (1984), VoL don process called advanced giycosylation. This process 
160, pp. 197-207; *f*ECOGNIITON AND UPTAKE OF he ^ ns ^ a rcvcrs iblc reaction between the reducing sugar 
HUMAN DIABETIC PERIPHERAL NERVE MYELIN BY ^ the amill0 group to-form* Schiff base, which rroceeds 
MACROPHAGES", Vlassara, H., Brownlec, M., and to form a covaleady-bondcd Amadori rearrangement prod- 
Cerami, A. DIABETES (1985), Vol. 34, No. 6, pp. 553-557; 30 uct fcnncd , the Amadori product undergoes further 
"MGH-AITINirY-RECEPTOR-MEDIArE D UPT AKE rearrangement to produce AGEs. 
AND DEGRADATION OF GLUCOSE-MODIFY) PR£ ^ reactions occur slowly, proteins may accu- 

TEINS: A POTENTIAL MECHANISM FOR THE n ^,jL ificant amounts of Arnadori products before 
REMOVAL OF SENESCENT MACROMOIJEOJLJK , acc4mml atinga measurable amount of AGEs in vivo. These 
Vlassara H., Brownlee, M., and Cerami, A., PROC NATL. 35 A(JEs ^ crossliiikuig, which in turn may 

ACAD. SO. U.S A. (September, 1985), J^l. 82, pp. ^ ±c and/or functional integrity of organs 

5588^-5592; "NOVEL MACROPHAGE RECEPTOR FOR ^ mus ultimately reducing or impairing organ 

GLUCOSE-MODIFIED PROTEINS IS DISTINCT FROM r^*_ P 

PREVIOUSLY DESCRIBED SCAVENGER giycosylation process is Ocularly note- 

w^TatToSu^^ 
gX* ^ N S^^ as coUagen and under conditions of relatively high sugar 

"ROLE OF NONENZYMAITC GLYC^bYLAliUW in ^ ^ ^ diabetes mellitus. Numerous stud- 

f^^^^o™[^W^£ S^rsfgg^^t AGE, play an important role in the 
my a^'v5.^ lllSf^^?^: 45 «al and ^«ioaM ^r^owhic* -ors in proteins 
TTON QFA S OLUBttJZED CELL SURFACE BINDING during aging and in chronic disease. 
pStON ON MACROPHAGES SPECIFIC FOR PRO- Additionally, advanced ^J^on arc 
TEINS MODIFIED NONBNZYM ATICALLY BY Doted to form more rapidly in dutocttc f^scrrJc and 
ADVANCED GLYCOSYLATION END PRODUCTS", other diseased tissue than in normal tissue <^ 
R^oK, Vlassara, H. and Cerami, A., ARCH. BIOCHEM. 50 giycosylation endproducteare belief I to to™^ 
bSpHYS. (1988), VoL 263, No. 2,pp. 41JW23; TSOLA- a characteristic ycUow-Wn P^"^"^^ 
HON OF A SURFACE BINDING PROTEIN SPECIFIC fluorescence spectrum and (he ability to farm r^-prrtan 
FOR ADVANCED GLYCOSYLATION ENDPRODUCTS crosslinks. AGEs form in ™^ have t^nisol^ from 
FROM THE MURINE MACROPHAGE-DERIVED CELL r^y glycosylated 

LINE RAW 264.T, Radoff. S., Vlassara, H., and Cerami, A., 55 u» tow J^JS^^SSS^L^^ 
nTARBT pc t \aaQ\ VoL 39 r» 1510-1518: 'TWO labile to chemical reduction and hydrolysis, ue novo fyn 
NOVEL^Sff UVER ^lEMBRANE PROTEINS THAT thesis and isolation procedures have ladto ge i^flc^cn 
bSdADVANCED GLYCOSYLATION BNDPROD- of several AGEs. such .as 2 ^^»^ ^J^Se 2* 
UCTS: RELATIONSHIP TO MACROPHAGE RECEP- imidazole rFFT); ^^f^^S^^ 
TOR FOR GLUCOSE-MODIFIED PROTEINS", Yang, TL, 60 carbaldehyde < TOnUM >; 
Maldta. ZL, Horii. Y., Brunelle, S., Cerami, A., SehajpaL P., diglycosyl pyrrole ( AFGP"). ai 
Smhantttfran, M. and Vlassara, H., J. EXP. MED., VoL 174, AGB; carboxy^yUysme; and 
pp. 515-524; "HUMAN AND RAT MESANGIAL CELL In vivo formation of AGEs is not ^1^* 
RECEPTORS FOR GLUCOSE-MODIFIBD PROTEINS: chemical compounds, and newly discovered AGEs are 
POTENTIAL ROLE IN KIDNEY TISSUE REMODEL- 63 addressed herein. 

LING AND DIABETIC NEPHROPATHY-, Stolnft, E., The study of specific AGEs synthesized In vitro In the past 
Yang Mridta, Z.. Radoff, S.. Kirstein, M., and Vlassara, has necessitalcd the use of chemkal redurtion and hydroly- 
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sis procedures. This has left open the possibility that nam- monitoring of toe course of such conditions, to detect 
reoccuring AGEs would include other compounds with fluctuations in the intensity ofsuch conditions. Likewise, 
ataMtive structures which differ from the model com- therapeutic applications for both Hb-AGE and its antago- 
pounds which have bcea isolated. nists are contemplated. 

Efforts have also been made to develop antibodies to in 5 The present invention also extends to the measurement of 
vivo AGEs however no instances of success are known or urinary- and serum AGE-pepttdes and to the diagnostic and 
E^'iSr^T Thus, Nakayama et aL. BIOCHEU. therapeutic applications that follow. Urinary AGE-pepude 
KFVCOMM 162 2 n> 740-745 (1989) stud- levels are indicative of the turnover of tissue AGEs and are 
tSS^^SSSi ££tU raked antisen. therefae also useful In mc evaluation of di^ and 
aVauVst AGB-KLH derived from in vitro glycosylation. » diabetic complications, and particularly, the control of blood 
These antisera exhibited high affinity binding, and the serial glucose levels, bom short term and long term, e.g. up to 
dU^Tc^srfin vitn^*racd I AGE-BSA, AGE-HSA about 60-90 days. Scrum AGE^x^ are P^ictiveof 
and AGE-RNAse A were noted to parallel each other. renal disease, and particularly may be measured to dcter- 
iSfcalTstru^in common among these particu- mine glomerular filtration rate (GFR). Acradingly, *«bet.c 
SXeins hr^mzed by the antiscrl Further study is complications Involving the kidney can be n»nitored and 
to d*Xe whemertostocture recognized stems from serum AGE-peptides can be used to evaluate &e eff edof 
advanced MaiUard reactions or from the early-stage test compounds on the kidney and the level of AGE 
Sr^unds. such as Sctuff base adducts and Amadorl rear- elsewhere in the body. Scrum pcptute-AGEs .realso useful 
raiment products were conducted using a number of for detecting the AGE-induang or -fonmr^ ellect drugs , 
reducing agents. Treatment with a reducing agent did not » and in evaluating the therapeutic effect of AGE inhibitors, 
decrease immunoreactivity, and FFI was not recognized by since serum peptides are derived from long-lived proteins, 
the antibodies. Importantly, the antibodies prepared and Accordingly, the present invention relates to the measure- 
tested by Nakayama et aL were not determined to react with meat of Hb-AGE, serum AGE-peptides and urinary AGE- 
AGEs formed in vim peptides, and to the associated methods for both the long- 

Horiuchi et aL, J. BIOL CJiEM., 266(12), pp. 7329-7332 25 term and short-term monitoring of conditions invotang 
(1991) prepared polyclonal and monoclonal antibodies either sugar concentrations or AGE concentrations. The 
against uTvm^ved AGB*ovine serum albumin. The invention also includes me measurement of mun^ mi 
Horiuchi et aL antibodies also recognized in vitrc-derived particularly human serum albumin AGEs (AGE-HSA), as 
AGlVhurnan serum albumin and AG&hemoglobin, but did wen as fo^ products for the asswsment o fs^Uagc, and 
nm recognize unmodified counterparts. Treatment of these 30 proteins including recombinant preparation , that are 
AGB^Ss with a reducing agent had no effect on intended for use as me^peuhc agents In this £™>»* 
hmaun«eactivity. Like the antibodies of Nakayama et aL. connection, the invention includes the use of the present 
me^od^cpared by Horiuchi et aL were not deter- AGE antibodies in a method for ^ W 
mured to react ^im in vivo-formed AGEs. „ such protein preparations, and a related method for fce 

. , " , ^ . ... _ ... 35 purification of the preparations mat remove glycosylated 

Acctxdingly, d^ &e facibty which antftc^cs .j^^ S ^rr^od would limit the unwanted 

tove been prepared in the art fce , "a*"^^"^ SSxatioaof grycosvlatedin^ that are known to be 
bodies with in vivo-formed AGEs bas not been prewoudy ™ deleterious to the host 

achieved. The neDaration of such antibodies is desirable as wuuwul J r . . 

uWte Se^aevelopment and implementation of « The method of assessing the presence or adrvfly of 
d^a^c^fth^^SeTc r^ols adding the forma- 40 disease in which Hb-AGE [^^"Z^Snlnf 
uTof advanced gelation enoproduets in mammals a blood or other serum > ™^ ^Ttl 

teduding humans the presence or amount of Hb-AGE in the sample and 

In this context, parent application Sec No. 07/8 1U 79, comparing mis amount to » J^ard. 
abandoned. disdoseTthe preparation of an antiserum that 45 Hb-AGE J^^^^^^^^J^^ °f 
contains antibodies reactive with in vivo-formed advanced long-term tissue modification by AGEs and are useful in 
glycosylation endproducte. Among the advanced glycosyU- assessing the contribution of advanced glycosy lahonto a 
tion Jdr^cuTgainst which antibodies were raised, the variety of diabetic and age-related corrmheahons. White 
reactionVodud of hemoglobin and a reducing sugar (Hb- hemoglobin A,. (HbA l0 > has been reported as predictive of 
AGE) was included. In addition, data were presented that x the extent of glycabon on the hemoglobin p^cha^HU^s 
compared this AGE favorably with HbA IC in terms of its use only an Intermediate in the advanced glyc^yUlion pathway 
as agnostic Kent and numerous other intermediates are believed to exist 

as a diagnostic agem, Mnmva HhA is not predictive of pathology. Therefore, 

iTfi-i-r ~i.Cn.tMt hrn-in sion of disease and longer term control of blood sugar levels, 

is further elaborated herein. which is greater thin about 3-4 weeks. The reduction in 

SUMMARY OF THE INVENTION Hb-AGE levels as a result of ammoguanidine therapy is a 

. , „ nriinarv example of the detection of successful pbarmaco- 

In a first aspect of the j^nt mvenuonj ^ £vanced 60 P^/^ of glycosylation in human sub- 

glycosylation endprodud involving a complex with 

hemoRlobin. referred to hereinafter as Hb-AGE, is reviewed J«*s- twvii^nf thrrmf that 

uTfurtbe^aUaimrartic^^ The Invention also extends to the emrxx^nt mer erftha^ 

«a^oXtooLAccordingly, Hb- ACS exhibits a broad is common to the present ^closure and tot of parent 
^S^StSS^ and/or its antibodies may « application Ser. No. 

n^onlv in detecting the onset of either glycemic antibodies which react with in vivc^roduccd advanced 
ii^fXiSSSi TbuTSo in the iSVtam glycosylation endproduds. Included therefore, is an antise- 
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rum that contains antibodies reactive with in vivo-fonned The above assay format rr*ybe adapted W «amlne 

aZan^l riycosylalion endproducts and has the following samples of plant and lumr^ rotter for the P^scikc of 

^rfirt AGEs for example to detect the likelihood or onset of food 

T^with an immunological epitope common to in spoilage^ the present invention is intended to extend to 

vivc-formed advanced ^^TK^'^ ' mention further encompasses the use of the present 

B. it is cross reactive with advanced glycosylate end- ^odfes for ^ ^^ n TdUease in a mammal, which 

products formed in vitro; and ^ , is characterized in that an abnormal level of AGEs such as 

C it is not cross reactive with the following advanced Hb-AGE, serum AGE peptides and urinary AGE peptides, is 

glycosylation endproducts however formed: Frj, nL The antibodies may be either polyclonal or 

AFGP, pyrraline, carboxymemylly sine, and patosi- J^^^ ^ „ „ characterized earlier herein, 

dine. Particularly, the common epitope is formed by the ^ ^ m ^ eacompassed w hlch are useful for 

incubation of a reducing sugar with a r^oteinacaxis ^ don ^ m the assay/diagnosis described herein, which 

material selected from the group cormrting ofKNAse, |^ u< i^ u t tahle reagents for detecting or quantifying AGEs 
lysine, hemoglobin, collagen Type IV, LDL, BSA and ^ ^ ^ Hb-AGE, urinary- and serum AGBpeptides, AGE- 

HSA. antibodies or other AGE binding partners in a sample. 

The antibodies of the invention may be polyclonal or ^erapeutic compositions and methods of use in the 

monoclonal, and if the latter, may be prepared by the mcytn ^ diagnosis or treatment of disease using these 

hybridoma method, or other known recombinant techniques. Mons m included, wherein an effective amount 

As illustrated herein, the antibodies may be raised man of X^niDOsitioa is administered to a patient in need of 

immunocompetent mammal by hypenmmunizing said ^ ^£ nt 

rnammal with AGEs or a protein on which AGEs have been consequently, a primary object of the present invention is 

formed. The antibodies produced recognize and bad to in ^ ^ an ^ $aum whlch contains antibodies which 

vivo-fonned AGEs, samples which contain such AGEs, e.g., rcc Jl Qize ^ bind to ^ vivo-formed AGEs, and a method 

diabetic tissue or serum, as well as in vrtro-formed AGEs jnddn* the antiserum containing anti-AGE antibodies 

which form on proteins as a result of incubation with sugars. ^ before been pwiuced. 

The anti-AGE antibodies of the invention are likewise AnQtbcr of me invention described herein is to 

characterized in that they do not recognize certain AGEstiwt ^ imx ^ ocfacm i ca l assay protocols using the antise- 

have been synthetically produced, e.g., FFI, pyraline, AFUF, described above, for proteins which are modified by 
carboxymethyllysine and pentosidine. ^ advmnoed glycosylation. AGE-inununogens have been pre- 

The anti-AGE antibodies described herein are further ^ ^ ±c use ^ reduction and 

characterized as follows: hydrolysis procedures, and antisera have been produced in 

(a) the antibodi es can be formed by hypcrimmunization of ^ ^slng these AGEs . 

a mammal with AGB-RNAse; Another object of the present invention is to provide 

(b) the antibodies are reactive with the following AGEs; ^ immunoassay protocols which encompass the use of poly- 
AGE-RNAse, AGE-hemoglobin, AGE-BSA, AGE- Jint £ DO( t ies ^i^d in response to an inimunogenic 
HSA, AGE-collagen IV, AGE-LDL and AGE-lysine; challenge with AGEs, as wdl as monoclonal antibodies all 

(c) the antibodies are non-reactive wilh unmodified HSA of which are specific to in vivo AGE epitopes. 

or BSA, FH-BSA, fcmiiyUted-albumm, maleylatcd- ft is a further object of the present invention to provide a 

albtimin, LDL, collagen IV, acetyl-LDL, FFI, AFG&?, method for measuring advanced glycosylation endproducts 

pyrraline, carbcoqrmethyllysine, pentosidine, lysine, in a variety of biological samples that is rapid and reliable, 

deoxypropylnminofructose or deoxymorpholinofruc- taking advantage of the anti-AGE antibodies which have 

tose. been raised and characterized. 

In a further aspect of the invention, the present anti-AGE it is a further object of the present invention 10 provide 

antibodies may be recovered from an antiserum raised in a 45 ^ containing suitable reagents for the measurement of 

suitable host which has been inoculated with a particular AGEs including as the internal standard a material selected 

AG&protein. The preferred method comprises administer- ^ om Hb-AGE, serum AGE-pcptides and urinary AGE- 

ing to an irnmunc<»inpctcnt mammal an effective amount of peptides, which are suited to a broad range of alternative 

an AGE or a compound containing AGEs as above immunological protocols. 

described, to induce the formation of the present anti-AGE x jx Is ^ still further object of the present invention to 

antibodies, and obtaining from the mammal a scrum which provide a method for the long term mentoring of glycemic 

contains the anti-AGE antibodies. A particular AGB-protein conditions including diabetes, by the measurement of AGEs 

comprises the product of the incubation of RNAse with sucn ^ Hb-AGE, scrum AGE^eptidcs and urinary AGE- 

glucose. peptides, that is fast and reliable. 

Another aspect of the present invention relates to hnmu- ^ These and other objects will be apparent to the ordinarily 

nological assays for detecting the presence or quantity of c hii«i artisan from a review of the detailed description 

AGEs in a sample, comprised of: taken in conjunction with the following drawings. 

(a) binding a sample susr^ of coii^ DESCRIPTION OF THE DRAWINGS 

AGE carrier, anti-AGE antibodies or another AGE uiuiar uwwur.^ 

binding partner to a solid support; w FIG. 1 is an antiserum dttution curve for anu-AGE- 

fb) contacting the specie attached to the solid support with RNAse antiserum. Antiserum was utered in a non- 

an anatyte to be tested for the presence or quantity of competitive HLISA utilizing the ^ttc^g i^orbed anti- 

AGEs, anti-AGE antibodies or other AGE binding gens: RNAse (o), CBucose-ocaved ACffi-RNAse (f\ BSA 

partner; (A). Glucose-derived AGB-BSA (A), and GoT-denved 

(c) labelling the AGEs, anti-AOT antibodies or other « ACffi-BSA(T); 

binding partner with a oetectible label; and FIG. 2 is an ELBA^mpetition curve for an^AGE- 

(d) cornparing the amount of bound label to a standard. RNAse antiserum. Assays were performed as described in 
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Materials and Methods and employed glucose-derived ensure that measured values fell within the linear range of 
^£a" J^^ ^^ PoiSs represent the the EUSA standard curve. AGE u nits are calculated reUuve 
mean of triplicate o^erminauoiis. to an AC&albumin standard synthesized and analyzed for 

^ri ^ CaC ^Si ^^G&MyWS) G6T^ived < !^E^ 5 ^SS^ 
Glucose-omyed AGE-BSA (•) <^^ v * A ££ Hb-AOT and HhA le for nine aormoglyccmic (o) and 23 

BSA (A), f™~^*^Sl ™: S£ diabetic (•) individuals. HbA le was measured by HPLC. 
(A), Formylated-BSA (VX Maleyl-BSA ( 0 X and BSA QU ^ 1 \ is ; agraphof Hb-AGE formation in vitro. Human 

, j .... hemoglobin (50 mg/ml) (Sigma Chemical Co.) was incu- 

(B): Reaction with AGE-modified and wmiodified pro- ^ batcd ^ 370 c to 0 . 4M NaP0 4 buffer (pH 7.4) containing 
teins. GoP-derived AGE.HSA (•), Gucose-denved Q ^ ^ (q) 5 ^ (#) 20 ^ ghcose (A), 

AGE-LDL (A), Glucose-denved AGE^collagen iy w2 0nuM glucose aad 50 mM ainmoguamdine(4).Ahquots 
(♦),Gluw>se-derivedAGE-RNAse(»,HSA(o),L^ containing hemoglobin and 20 mM glucose were reduced 
(A), acetyl-LDL (V). collagen IV (0), RNAse (□). ^ a 200-fold molar excess of sodium borohydride prior to 
LDL nmoles were calculated on the basis of the ^ PT K A <V) Aminoguanidine (50 mM) also inhibited 
molecular weight of apoprotein B. (>95%) Hb-AGE formation in the 5 mM glucose condition 

C: Reaction with model AGEs. Glucose-derived AGE- ( ( j ata not shown). Aminoguanidine (50 rnM) did not inhibit 
lysme(»),G6T-derivedAGE-lysine(*),Fn-HA(o) ? ^ Election of Hb-AGE when added to glucose/ 
pyrraline (A), AFGP (T), carboxymethyllysine (V), hemoglobin Incubations 1 hour prior to EUSA analysis 
pentosidine (□), deoxypropylamkorructose (A), and ^ ( < j ata ^ shewn). All incubations were performed after 
deoxymorpholmofructose (V). AGE4ysine products sterile filtration. One ml samples were removed at the 
were added as nmoles of lysine equivalents; indicated time points and dialyzed against phosphate- 

FIG. 3 is the kinetic relationship between the formation of buffered saline prior to EUSA analysis. 
AGE-associated fluorescence and antibody reactive mate- pj G n is a determination of Hb-AGE and HbA lc levels 
riaL BSA (50 mg/ml) was incubated with glucose (0.5M) as ^ 

described in Materials and Methods. Aliquots were sampled in 18 diabetic patients before (■) and after ( 01) 28 days of 
at indicate times, dialyzed to remove unbound material, and anunoguanidine therapy. Hb-AGE: 13.8i0.8 U AGE/mg 
assayed for fluorescence 0^^=370 nm, ^^=440 Hb->10.0±0.9 U AGE/mg Hb; HbA lc : 
nm) and AGE content by EUSA; 10.1%±0.8%^9.2%±O.8% (Mean±S£.). 

FIG. 4 is the inhibition of the formation of antibody- ^ twtati FT) DESCRiFnON OF THE 

reactive AGEs by aminoguaimline. BSA(100 mgtol) incu- DETAILED ^E^^^TO)N OF THE 

bated with glucose (100 mM) for 21 days at 37° (o). BSA INVENTION 
(100 mg/ml) incubated with glucose (100 mM) in the Numerous abbreviations arc used herein to simplify the 
presence of 100 mM aminoguanidine for 21 days at 37° (•). terminology used, and to facilitate a better understanding of 
Buffer conditions were as described in Materials and Meth- 35 mc invention. The following abbreviations are rcpresenta- 
ods; tive. 

FIG. 5 is the determination of AGE-coUagcn in expert- As used herein, the terms **AGE B and "AGEs* 1 are used as 
mental rats. Diabetes was induced in Lewis rats wim either appropriate to refer to advanced glycosyiation endproducts 
alloxan or streptozotocin as described in Materials and which arc in the form of utexmediates and stable corn- 
Methods. At 16 week intervals, 6 animals were sacrificed ^ poUDd[s arc produced in vivo and in vitro by the 
and the aortic collagen analyzed for hydroxyproline, reaction of reducing sugars wim protein amino groups, 
fluorescence, and AGB-content by EUSA. Values are AGEs therefore encompass intermediates as well as stable 
expressed per mg of hydroxyproline. endproducts mat arc implicated in the structural and func- 

(A): Relative fluorescence measured at k^***^^™ nm tional alteration of proteins seen during aging. For example, 
and 5^^=440 nm), 45 AGEs are recognized to react with free polypeptide amino 

(BV Collagen-bound AGEs measured by EUSA. Control groups, which leads to protein crosslinking. Additionally, 
rats (o)T rats with aUoxan-mduced diabetes (A), and such AGEs are observed in elevated levels in circulation and 
rats with streptozotocin-induced diabetes (▼). Each in tissues in certain diseases, e.g. diabetes mellitus. 
value shown is the mean of six capermientd animals; when the designations "AGE-RNAse", "AGErfflT, 
FIG. 6 is the determination of human rerum AGE levels, so "AGE-BSA", M AGB-HSA*\ "AGE-albumin", "AGE- 
NL: Normal individuals (n=12). DM: Diabetic individuals collagen** and **AGB-LDL** are used, each r efers to the 
(n=21). DM4HD: Diabetic individuals on hemodialysis advanced glycosyiation endproducts which are formed upon 
(n=16). Error bars show me S.BJ4. P<O001 for DM vs. NL. chemical reaction of the substrates RNAse, Hb, BSA, HSA, 
F<0.001 for DM-fHD vs. DM.; albumin, collagen and LDL, respectively with one or more 

FIG. 7 is a graph comparing Hb-AGE and HbA^ levels 55 reducing sugars. Thus, AGErRNAse refers to the advanced 
to red Wood cells of noniyd and dwbefc glycosyiation ewlproducts of the reaction between bovine 

depicting the correlation between the two (normal patients^ ribonuclease and a reducing sugar. 
■) (diabetic patients^O); Albumin, when recited generically, refers to any specie 

FIG. 8 comprises two bar graphs mat show and compare from wnid| it ^ obtained, eg., human, bovine, etc 
the mean of Hb-AGE (A) and HbA lc (B) levels in normal 60 A refers to bovine scrum albiimin. 
and diabetic patients; WWA _ HSA refers to human serum albumin. 

saaSSSSSSSSa ^frSS 

43±03 AGE Umts/mg HbJDM: 7.7±0.6 AGE UnitsAng Hb. 65 Collagen Is used to teoomndood sense toj rfa to any 
rM^SK) Each value represents the mean of triplicate type of collagen and derived from any impropriate source. 
d^^tew^S .TS hemoglobin dilZTto When . spedfic type of coll-gen was used, such as in the 
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. ■ it : c Hb-AGE has been determined to account for about 0.42% 

** *"S*2L!! ofS^Su^ hemoglobin. This fraction increases to 

nized that alternative collagen types can also be usefl. °™CuateW 075% In patients with diabetes-induced 

LDLis also used in the conventional sense to refer to low gjgj* Of sigpfficS, diabetic patients treated for 

density lipoprotein. ( , 5 28 days with aminoguanidinc, an inhibitor of AGE forma- 

FFI-BSA refers to a model AGE-protcin produced by fa showc d significantly decreased levels of 

incubating 2<2-furoyl>4{5H2-furanyl>-lH-uiudaK)le ha- ^ me ^ of me treatment period. : 

anoic add with bovine scrum albumin and coupling toe caused by advanced 

reactive compounds with dicyclohc^lcar^nud^ ^ ™ ^Sa^ovcr a period of months to years. 
Formaldehyde-BSA. ^^f^^ to ^S^^^B^ over a similar duration, 

to rnodified proteins produced as described Assisted above, a particularly preferred aspect of the 

Tne present invention relates to ° f ^J^^onisWLeofHb-AOTasanlndic^of the 

certain in vivo-generated AGEs a ^^^.^ y "T™ „tenl of control of blood glucose in diabetes patients, 

serum AGE peptides and urinary AGE rxpUd« and tofe ^ noimal Hb-AGE levels and the 
diagnostic and tta^ticapplicaUo^ „ 2 t Uhk over which Hb-AGE is formed, the level of 

surement may be put. Hie use of Hb-AGfcS as a inancer rp , u ^ Hood ^ be predictive of diseases 

,acmtat««melo n g4«nnn^surementofblc^ «8«M .J^S^Sfigy where the level of Hb-AGE is 

and the consequent ability to monitor glyceric conditions ^ ^^ g J^ 

nresented in parent application Ser. No. 07/811,579, exuacrea irum u»c m« wwu . . AriP . 

Son^ ^ ^rnpris« a quick and effective diagnostic M AGE-peptides and the presence or extent of Hb-AGEs 

STas rfiownTnG. 9 Hb-AGE represents a stable present can then be equated. 

l^reUable Blucose-derived rearranged Amadori product By conducting bom tests with a single blood sample, a 

'^^£^^p^^Y be develop and broader time frame at which blood glucose ; levds become 

S out A«orfmgly, the invention extends to a method uncontrolled can be estimated, eg. a 60 day WP™**- 
Sloog tc^mXing of in vivo glyecmic conditions „ able by Hb-AGB that extends to the pood. • ^.^8 

Ed the concomitant assessment of the efficacy of any or after the 3^ week * ^fl^ 

control measures that may be implemented. Hb-A^ If desired, the analyses of Hb-AGE and semm 

represent circulating markers of AGE accumulation that measurement of urinary AGE-peptides, to give a complete 

reflect the onset and extent of pathologies and other dys- patient profile, ^ .aa^^ mttttma A elv- 

functions where ruch accumulation is a characteristic. Thus, Another aspect of the Invention addresses J*^*^ 

ttSaee-related and diabetic conditions where increased cosylation endproducts which can bedetccted in the unne^ 
£vl cf AG&Thave been observed, such as, for example, 4J Proteins, inducing peptides, are «creted in th^in low 

aSsderoS cataracts and diabetic nephropathy , may be levels in normal mdividuab, and m perr^s d evat ed lev ds 

monitored and assessed over the long term by the measure- in diseased 

mem of these AGES, particularly by resort to the diagnostic AGE-peptides reflective of the t^^ ^ ^AGEs can 

!3,\^c h; .,,=,,1 JI~- n ' be determined, correlated to and predictive of particular 

drug discovery assay, for identification of drugs or other per day and U comprised of 

r^c^^y interact with these AGEs. In the instance which are quite dujerent from the predominant blood 

of Hb-AGE, it may be possible to discover agents that may proteins, albumin and globulin^ 

Sn^euher the concentration of blood glucose or me « Tbe presence of protein. » * ^J**" ^fZ 

^nation of Hb-AGB itself. An assay or test kit in such of numerous diseases or conditi^ reflective of. net 

instance would include the reagents set forth for such kits catabolic state as would exist when te^gjg*** 

presented later on herein, with Hb-AGE as the ligand or undergoing invasion as 2^J2 

^^^^^^^r^boj^AvAto circumstance^ the host ^^^f^ ™Z 

ttVnotodAGB peptides serving in like capadly to Hb-AGE. 60 stimulus by the secretion ^'"^ 

Investigation of AGE formation invivo has been cytokines that suspend the anabolic energy storage * actrvrty 

.J^TyTK 3 specific assay methods and by toe and celUdar repair -^^^VSiS^i 

Se^oeesstoility oftissue AGEs to In vivo analysis. bollc depletion ofenergyj^ « d »d^Ste the 

TtVreatiation mat Amadori products such as HbA u are leukocytes and other factors to "P*^** 

I^R^Kon ^TTcowfctaation that bemogtobin 63 stimulus. As this activity results in a corrwporxhng ekvation 

^5o^Srel£ ISSZ that could be'mea- m^sue protein ^^^^j^f^ 

sued wuh reentry developed ELBA techniques. AGEs, the measurement of urinary AGE-peptides provides 
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yd another Index of possible invasive activity in the host, design, screening and/or potentiation of drugs or compounds 

such as cachexia and shock. Thus, one can measure the which are useful for treating elevated levels of AGEs in 

presence or level of AGE-peptides in urine, and correlate vivo. In this connection, the anti-AGB antibodies may be 

this level to a standard. In normal individuals, the normal used to purify proteins that have taraspecMy cultivated or 

level may be at or close to zero. In diabetic patients or in 5 produced for use as therapeutic agents. As stated earlier, the 

patients experiencing infection or other trauma, the normal therapeutic use of such proteins is increasing in prominence 

level of AGE-peptides may be significantly greater. Thus, and importance, and such proteins like other host cells, are 

the advancement or worsening of diabetes prior to the onset susceptible to glycation and the formation of AGEs. As such 

of renal complications, or the presence of infection could be AGEs are particularly clinically active, it is desirable to limit 

detected by detecting increases in urine levels of AGE- their introduction into a host during therapy. As a 

peptide, consequence, the present invention includes a method for 

Likewise, one may be able to detect individuals who purification of batches of such proteins by bringing them 

glycosylate proteins faster than normal In this instance, one into contact with, for example, a quantity of anti-AGE 

would determine the level of AGE-peptides in the urine as antibodies immobilized on a suitable substrate. In this way 

a result of a specific challenge, eg., with glucose, a com- the glycosylated proteins could be separated from the rest of 

pound which induces AGE formation or release by the 1 the batch by conventional procedures. The substrate could 

proteins of the body, or the rate at which urinary peptide- be refreshed or replaced periodically in the instance of a 

AGE levels increase after cessation of the administration of commercial process, so that a continuous circulation of 

an AGE inhibiting compound, e.g., aminoguanidine. A full protein material past the substrate and subsequent separation 

clinical picture will therefore become apparent of the protein~AGE component could be conducted. 

The present invention also relates to detecting (he pres- 20 Naturally, the foregoing scheme is presented for purposes of 

ence or level of such AGE-pepudes in serum. This may take illustration only, and is capable of various rnodificatiofls in 

into account the extent of AGE accumulation and reaction design and execution within the skill of the art and the scope 

with extracellular and cellular Wood proteins, protein frag- of the invention. 

meats and peptides (shorter chain amino adds, e.g., up to The invention also includes methods for measuring pro- 

about 50 amino acids in length) found in the circulatory tein aging both in plants and in animals, by assaying the 

system. These can be evaluated for the presences or level of presence, amount, location and effect of such advanced 

AGEs, the extent of advanced glycation determined, and glycosylation endproducts utilizing the anti-AGE antibod- 

compared to a standard, eg., normal peptide glycation ics. By reacting anti-AGE antibodies wife samples of prod- 

levels. For example, if one detects an elevated level of ^ ucts suspected of containing AGEs, plant matter and animal 

AGE-peptides in the blood, one may correlate this to the food samples can be evaluated to assess food spoilage and 

extent of kidney damage sustained by the patient the degradation of the proteinaceous materials so affected, 

Amadori products are slowly reversible and are believed while the assays of animals. Including body fluids such as 

to tfaj" cquflihrium over a ±4 week period. AGEs, in blood, plasma and urine, tissue samples, and biomolecules 

contrast, remain irreversibly attached to proteins and con- 35 such as DNA, that are capable of undergoing advanced 

tinue to accumulate over the lifespan of the protein. The glycosylation, assist in the detection of pathology or other 

utility of Hb-AGE measurements as a long term in vivo systemic dysfunction. 

marker of advanced glycosylation can thereby be appreci- Further, such assay may be employed to assess the extent 

ated. of degradation of proteins that have been cultivated, har- 

As stated earlier, the invention also comprises the iden- ^ vested or otherwise recombinandy prepared for therapeutic 
tification of an antiserum and corresponding antibodies that use, to determiiie whether and/or to what extent such mate- 
recognize and bind to in vivo-formcd advanced glycosyia- rials have become glycosylated. This assay could be used 
tion endproducts. As demonstrated in the examples pre- alone or in conjunction with a purification procedure, so that 
sented later on herein, polyclonal AG&ritonudease antise- the determination that the protein material has developed a 
rum has been prepared and used in competitive FT ISA 45 predetermined threshold lcvd of glycosylation would signal 
systems to study the specificity of this antiserum for in vitro- the need for performing a purification procedure such as that 
and in vivo-derived products. The resulting antiserum rec- described above, on a batchwise or continuous basis, 
ognized and bound to in vivo AGEs in diabetic tissue and The assay methods of the invention comprise the perfor- 
serura known to contain abnormally elevated levels of mance of several assay protocols, involving the anti-AGE 
AGEs, leading to the conclusion that a common epitope antibodies described herein whether labeled or not, the 
exists among &em. By contrast each of the model, synthetic analytc, and/or a ligand, one or more binding partners to the 
AGEs which were synthesized and tested failed to react with antibody, and binding partners thereto as applicable, 
the polyclonal antiserum, although other in vitro-fbrmed The term 'binding partners* is used in the general sense 
AGEs are reactive. to refer to coinponents used in the assays which recognize 

Examples of proteins and protein-containing substances 55 andYor bind to each other. Thus, an anti-AGE antibody and 

suitable for incubation-type reactions with the reducing the AGEs recognized by the antibody are considered binding 

sugars include, for example, RNAse, hemoglobin, collagen, partners. 

BSA and HSA, each of which can be incubated with, e.g.. The term "binding partners" also includes ligands useful 

glucose, glucose-6-phosphate ("G6P"), fructose or ribose to in the present invention, such as AGE derivatives that bind 

produce a suitable AGE immunogen for inducing the for- go to AGE binding partners. These ligands may be detected 

mation of anti-AGE antibodies. either singly and directly, or in combination with a second 

Such anti-AGE antibodies can also be used in the treat- detecting partner such as avidin or biotin. Suitable synthe- 

ment of patients to reduce the level of circulating AGEs or sized AGE derivatives are selected from the reaction prod- 

AGEs which may be present in abnormally elevated levels ucts of reducing sugars, such as glucose, glucose-6- 

in certain tissues, e.g.. pancreas, liver, kidney or brain. 65 phosphate (G6¥), fructose and ribose and peptides, proteins 

Additionally, it is within die scope of the invention and other biochemlcals such as BSA, avidin, biotin 

described herein to utilize the anti-A(£ antibodies for the derivatives, and enzymes such as alkaline phosphatase. 
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Useful with this invention are enzymes and other cantes may also comprise a synthetically derived advanced gyco- 

that have undergone advanced glycosylate These AGB- sylation endproduct which is prepared, for example, by the 

enzymes may serve as the preferred labelled ligands in me reaction of a protein or anojher mcromolecute with a 

aSTof the present invention. Other suitable Hgands may reducing sugar. This reaction product can be used alone or 

include the reaction product of the reducing sugars directly 5 combined with a earner. . .. . 

S carriers capable tf undergoing advanced glycosylate. The carrier may be selected from me group consisting of 

SrT^eTmay be corSriscd of a maSial selected carbohydrates, proteins synthetic P"^** nucleic 

from carbohydrates, proteins^nActic polypeptides, lipids, acids, lipids, W c^mpa^e natural and synthetic resins, 

bio-compatible natural and synthetic resins, and mixtures antigens and mixtures thereat. . 

*nwrf 10 The anti-AGE antibodies described heron can be used 

iTe assays of the invention may follow formats wherein both to dia^ me dcg^ve ^ * 

either fte Land or the binding partner are bound to a sylation of proteins in plants, edible ammal matter, and the 

^V"? T lf fl ™ 15 agTor dSErelated hZg of the arteries, skin 

and chemicals that fluoresce, voiding, arterial blockage, and diabetic, retinal and renal 

The present methods have particular merapcutic rd- all result from the excessive buildup or 

cvance in that means for the detection and evaluation ofthe ^ ^ adyanced ^^on endrroducts 

condition of a broad spectrum of organ systems are pro- ^ Therefore, the diagnostic methods of 

vided. The Maillard process ; acutely affects several of Jhe ^ ^ ^ ^ to avcrt pathologies caused at 

agnificantprotein masses in the body, among them collagen, ^ acamuiladoD ^ advanced gtycosyiafion 

elastin, lens proteins, and the kidney &omxutox basement ^ to the body by monitoring the amount and 

membranes. These proteins deteriorate both with age (hence i^^of such AGEs. 

the application of the term "protein aging") and as a result mc ^ fove^on, one can assess and/or detect 

of prolonged exposure to elevatedWood sugar levels jand ^ £ stimthc p^ce of stimulate* spontaneous, 

AGB formation, the latter in turn frequently due to pathol- » or idiopathic pathological states in inanimate, by measuring 
°gy* . the exxrepemding presence of advanced glycosylation end- 

In this manner, the location and relative concentrations of products. More partictilarry, the presence or amount of the 
advanced glycosylation endproducts in the body can be AGEs may be followed directly by assay techniques such as 
identified. Moreover, by assaying different organ t^ccimens, ^ 4^^,^ herein, through the use of an appropriately 
an ACT "patient profik" can be obtained, ie M the location ubclcd quantitv ^ ^ present anti-AGE antibodies or at 
and relative concentration of AGEs in the patient can be lcast one ^ ^ binding partners, as set forth herein, 
identified. This technique is particularly useful in identifying MtanaSCf \ y AGEs defining epitopes reactive with the 
abnormal concentrations of advanced glycosylation present anti-AGE antibodies, could be synthesized and used 
endproducts. such as in atheromatous plaques. In such ^ £ binding partners (or antagonists to such binding 
manna, the location of future systemic malfunctions can be paa^) could in turn, be labeled and introduced into 

identified. # a medium to test for the presence and amount of AGEs 

Accordingly, the present assay method broadly comprises and to thereby assess the state of the host from 

the steps of: which the mM'"" was drawn. 

A. preparing at least one sample suspected of containing ^ Thus, both AGE receptors and any binding partners 
said advanced glycosylation endproducts; thereto that may be prepared, are capable of use in connec- 

B. preparing at least one anti-AGE antibody directed to ^ on w ith various diagnostic techniques, including 
said samples, wherein the anti-AGE antibody is reac- immunoassays, such as a radioimmunoassay, using for 
tive with in vivo-produced advanced glycosylation example, a receptor or other Ugand to an AGE that may 
endproducts and has the following characteristics: 45 c ither be unlabeled or if labeled, then by either radioactive 
i. it reacts with an immunological epitope common to addition, reduction with sodium borohydride, or radioiodi- 

said in vivo-formed advanced glycosylation end- nation. 

products ; The general assay procedures and their application are all 

iL it is cross reactive with advanced glycosylation familiar to those skilled in the art and are presented herein 
endproducts formed in vitro; and 50 as illustrative and not restrictive of the procedures that may 

ill. it is not cross reactive with the following advanced ^e utilized within the scope of the present invention, 
glycosylation endproducts however formed: FFT, The advanced grycosylation endproduct forms complexes 
AFGP, pyrraline, carboxymethyllysine, and pentosi- ^th one or more of the binding partners, and one member 
dine; of the complex may be labeled with a detectable label. The 

C placing a detectable label on a material selected from 55 fact that a complex has formed and, if desired, the amount 
the group consisting of said sample, a ligand to said thereof, can be determined by applicable detection methods, 
anti-AGE antibody and said anti-AGE antibody; e.g., IgG recognition and reaction with the complexes 

D. placing the labeled material from Step C in contact formed, 
with a material selected from the group consisting of Suitable radioactive elements may ^utatod ^from the 
the material from Step C that is not labeled; and 60 group consisting of *H, QJE\ S,~C1, XX Or Co, 
R evaluating the resulting sample of Step D for the extent ^Fe, *Y "f, m I> and 166 Rc In the instance 1 where a 
of Wnding of said labeled material radioactive label, such as prepared with one of the above 

Suitable analytes which can be evaluated may be selected isotopes is used, known currently available counting proco- 
from, e.g.. plant matter, edible animal matter, blood, plasma, dares may be utilized. 

urine, cerebrospinal fluid, lymphatic fluid, and tissue; and 65 In the instance where tibe Ubelisan enzyme, ^deteefcon 
certain synthesized compounds, mdMdually and bound to may be accomplished by any of the presently utilized 
carrier proteins such as the protein albumin. The analyte colorimetric, chemUuminescent, spectrophotometric. 
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fluorospcctro-photomrtiic, thennometxic, ampcrometric or 
gasometric techniques known in the tit The enzyme may be 
conjugated to the advanced glycosylation endproducts, their 
binding partners or cairier molecules by reaction with bridg- 
ing molecules such as carbodiirnides, diisocyanates, glut- 5 
araldehyde and the like. Also, and in a particular embodi- 
ment of the present Invention, the enzymes themselves may 
be modified into advanced glycosylation endproducts by 
reaction with sugars as set forth herein* 

Many enzymes which can be used in these procedures are 10 
well known and can be utilized. The preferred enzymes for 
detection are peroxidase, {^glucuronidase, (*-D-gluoosidase, 
£-D-galactosidase, urease, glucose oxidase plus peroxidase, 
hexokinase puis GPDase, RNAse, glucose oxidase plus 
alkaline phosphatase, NAD oxidoreductase plus lucif erase, 
phosphofructokinase plus phosphoenol pyruvate 
carboxylase, aspartate aminotransferase plus phosphoenol 
pyruvate decarboxylase, and alkaline phosphatase. VS. Pat 
Nos. 3,654,090; 3,850,752; and 4,016,043 are referred to by 
way of example for their disclosure of alternative labeling 
materials and methods. 

A number of fluorescent materials are also known which 
can be utilized as labels. These include, for example, 
fluorescein, rhodamine and auramine. A particularly pre- 
ferred /t**f**ing material includes one or marc fluorescent 25 
labels on anti-rabbit antibodies prepared in goats and con- 
jugated with fluorescein through an isotfaiocyanate. 

One assay format contemplates a bound antibody to 
which are added the ligand and the analyte. The resulting 
substrate is then washed after which detection proceeds by 30 
the measurement of me amount of analyte bound to the 
antibody. A second format employ s a bound ligand to which 
the antibody and the analyte are added. Both of these 
formats are based on a competitive reaction with the analyte, 
while a third format comprises a direct binding reaction as 
between the bound analyte and the antibody. In the latter two 
formats, the extent of binding of me antibody is measured by 
a direct label or a labeled binding partner. 

All of the protocols disclo sed herein may be applied to the 
qualitative and quantitative determination of advanced gly- 40 
cosylation endproducts and to the concomitant diagnosis and 
surveillance of pathologies in which the accretion of 
advanced gtycosylation endproducts is implicated. Such 
conditions as diabetes and the conditions associated with 
aging, such as atherosclerosis and skin wrinkling represent 45 
rwn-limiling examples, and accordingly methods for diag- 
nosing and monitoring these conditions arc included within 
the scope of the present invention. 

The present invention also includes assay and test kits for 
the qualitative and/or quantitative analysis of the extent of 50 
the presence of advanced glycosylation endproducts. Such 
assay systems and test kits may comprise a libeled compo- 
nent prepared, e.g., by one of the radioactive and/or enzy- 
matic techniques discussed herein, coupling a label to an 
anti-AGE antibody or a binding partner as listed herein; and 55 
one or more additional irnrnunochemical reagents, one of 
which may be a free or imnrcbilized ligand, capable either 
of binding with the labeled component, its binding partner, 
one of the components to be determined or their binding 



kits may be used to measure the presence of advanced 
glycosylation endproducts on recombinant or other purified 
proteins, and particularly those destined for therapeutic use, 
to assay them in a first instance, and in a second instance, to 
assist in their further purification. 

In accordance with the testing techniques discussed 
above, one class of such kits will contain at least labeled 
AGE, or its binding partner as stated above, and directions, 
of course, depending upon the method selected, e.g., 
"competitive , \ "sandwich", **DASP* and the like, The kits 
may also contain peripheral reagents such as buffers, 
stabilizers, etc. 

Accordingly, a preferred test kit may be prepared for the 
demonstration of the presence, quantity or activity of AGEs, 
comprising: 

(a) a predetennined amount of at least one labeled imrnu- 
nochemically reactive component obtained by the 
direct or mdirect attachment of the anti-AGE antibodies 
of the present invention or a specific binding partner 
thereto, to a detectable label; 

(b) other reagents; and 

(c) directions for use of said kit 
More specifically, the preferred diagnostic test kit may 

comprise: 

(a) a known amount of a binding partner to an anti-AGE 
antibody as described above, or a ligand thereof, gen- 
erally bound to a solid phase to form an 
immunosorbent, or in the alternative, bound to a suit- 
able tag, or plural such end products, etc. (or their 
binding partners) one of each; 

(b) if necessary, other reagents; and 

(c) directions for use of said test kit 
In a further variation, the preferred test kit may comprise: 

(a) a labeled component which has been obtained by 
coupling the binding partner of the anti-AGE antibody 
to a detectable label; 

(b) one or more additional iinnwaochemical reagents of 
which at least one reagent i s a ligand or an immobilized 
ligand, which ligand is selected from the group con- 
sisting of; 

(i) a ligand capable of binding with the labeled com- 
ponent (a); 

(ii) a ligand capable of binding with a binding partner 
of the labeled component (a); 

(iii) a ligand capable of binding with at least one of the 
components) to be determined; and 

(iv) a ligand capable of binding with at least one of the 
binding partners of at least one of the components) 
to be determined; and 

(c) directions for the performance of a protocol for the 
detection and/or determination of one or more compo- 
nents of an ixomuriocheimcal reaction between the 
anti-AGE antibody and a specific binding partner 
thereto. 

The present invention extends to the production of the 
anti-AGE antibodies in a mammal, and an antiserum con- 
taining said antibodies. For example and as illustrated 
herein, a mammal can be immnnized with the incubation 



partnerfs). One of the components of the kits described « product of a reducing sugar and any protein which contains 

herein is typically an anti-AGB antibody in labeled or free amino groups, and which is subject to Amadon 

non-labeled form. rearrangement, thus yielding ACffis. 

Id a further embodiment of this invention, commercial As used herein, the terms "unmunized and Tiypenm- 

test kits suitable for use in one instance by food mnnized" refer to the spectfc imiwmi^oo protocol aUo 

technologists, and in other instances by medical specialists 65 described in detail later on herein, which is used to ekal tie 
mX/belrwared to determine the presence or abseace of antibody response that yields the antiserum and antibodies 

advanced g^orylation endproducts. As stated earlier, the of the present invention. The protein or the reaction product 
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Srfttlto^ogeo arc administered to an im.rn.ao- preparation by hybridoma techniques, utdmng. for examp e. 

ro^rarmamnml in an amount effective far inducing the fused mouse spleen lymphocytes and myeloma cells, 

formation of anti-AGE antibodies. Booster immunization 5 Immortal, antibody-producing cell hues can also be created 

doses may also be administered as appropriate. by techniques other than fusion, such as direct transforma- 

The immunization of the host mammal with the protein tion 0 fB lymphocytes with oncogenic DNA, or transfection 

itself or with ACEs derived from the AGE-protein, e.g., wi(h gpstein-Barr virus. 

AGE-RNAse. produces antibodies which arc reactive to Specific polyclonal antibodies can be raised in different 

AGEs derived from the immunogen itself or AGEs which m —fenedhost species. Naturally, these antibodies are merely 

arc derived from other proteins. For example, the adminis- illustrative of antibody preparations that may be made in 

tradon of AGE-RNAse produces polyclonal anti-AGE anti- accordancc with the present invention, 

bodies which react with AGE-RNAse, AGB-temoglotan, Sved&c protocols are fllustrated below as necessary. The 

AGE-BSA. AGE-HSA, AGB-LDL and AGRcollagen IV, &stlose a herein may be applied to the qualitative 

but not with unmodified RNAsc, BSA or HSA. Quantitative determination of AGEs and to the concomi- 

The antibodies raised as described above were ^° gen- « fa ^ suntillancc rf pathologies in which the 

erally unreactive with ^ AG ^^fJ v ^^ SxeSof AGEs is implicated. Conditions such as diabetes 

raised. 

TT^S aGEs produced without specific below are available commercially OT prepared iji accordance 

- w^rcc^ ^^^^ ^ ^ 
can be exploited in numerous processes fox detecting AGEs hereby incorporated by reference 
on in vivcMlerivcd as well as in vitro-derived material. For MATERIALS AND METHODS 

example, the binding affinity of anti-AGE antibodies can be 

used in non-cornpetitive and competitive ELISA assays, as Reagents 

well as in omer protocols which utilize different iimiumc^ M a „^^a Mna/ wrrr- 

" *" The reagents used in the assays described below were 

say configurations. a ° . t 

Ribonuclease modified by long-term incubation with glu- obtamed or prepared as follows, 
cose was found to be a suitable immunogen for the produc- Bovine pancreatic ribonuclease ("RNAse ), bovine serum 
tion of high-titrc, anti-AGE antibodies against a variety of albumin ("BSA"), human serum albumin C^">' f?^ 1 
AGE-modified proteins. Advanced glycosylation endprod- 35 Type 4, coflagenase, glucose, gwcose-6-phosphate (~GoF" ), 
nets prepared with glucose showed me greatest inhibition, fructose, ribose, and sodium borohydride were obtained 
followed by AGEs prepared with G6P and fructose. Both from Sigma Chemical Corp. (SL Louis, Mo.). AGE- 
G6P and fructose react with proteins at a faster rate than hernoglobin was prepared by isolating red blood ceUs, 
glucose to produce brown, fluorescent AGEs. hcmolyzing them wim toluene and treating a ^^ff 

Different glycosylating sugars such as glucose, G6P, and 40 ^ cell hemolysate with trichloroacetic add (TCA). 
fructose produce antigenically cross-reactive epitopes when Specifically, a 50-100 |il sample hemolysate was 

incubated with protein in vitro. In contrast, the purification prepared and 3 ml of water and 1 ml of 24fc (wt/vol) TLA 
of particular products from in vitro incubation mixtures of were added. The rnixturc was agitated, and thereafter cen- 
oolypeptides or amines wim glucose (FFI, AFGP, pytraline) trifuged for 30 minutes at 3000 rpnx The resulting wper- 
or from, tissue glycosylated in vivo (pentosidine) resulted in 45 Qa tant was aspirated; 150 ul NaOH was then added, after 
compounds with no demonstrable cross-reactivity with anti- which water was added to a total volume of 0.5 ml. Tlus 
(AGE-RNAse) antiserum. This suggests that the model material was then diluted from 1:2 to 1200 with 0.3M 
AGEs which have been described thus far are either anti- KHaP0 4 pH 7.4, and was prepared for pcrfcrrnance of the 
genically minor products, or that the purification procedures assay. 

which are typically used for isolating AGEs from a sample 50 AGB-albumin was prepared by incubating albumin (50 
resulted in stmctural alterations, such mat reactivity with mg/mi) wim 0.5M glucose, G6P or fructose in 0.2M NaP0 4 
anti-AGE antibodies is essentially eliminate d.. ^ buffer (pH 7.4) for 60 days. 

In vitro time course studies revealed that the dtaracteristic AGE-collagen was synthesized by incubating collagen (5 
fluorescence of advanced glycosylation precedes the devel- w ith 0.5M glucose in 0.2M NaP0 4 buffer (pH 7.4) 

opment of the anti-AGE reactive moieties. Thus, the anti- 55 for 21 days. 

AGE antiserum appears to be most reactive with •late* AGE-RNAse was prepared by incubating RNAse (25 
advanced glycosylation endproduct(s) which form after ^ ^ m ^ 0 2M Na P0 4 buffer (pH 7.4) for 

fluoTOphore formation. qq ^ 

The ligands useful in the present invention ate preferably \: mmd ^ coupling FFI-hexanoic acid to 

in vivo-generated AGEs that bind to AGE binding partners. « 
These Ugands may be detected alone or in combination with BSA with carbcdurnide. 

a ^nddetectiig partner such as avidin and/or Wotin. Formaldchyde-BSA, ^^J^^^^ 
selected from the reaction products of reducing sugars such Horuidu^S et ^ 

as glucose. G6P, fructose, ribose and me like with peptides, 45 Tekrt, ^"^j*™* 4 . B ^ P J^^n^AoS 
^sandotoablocbanLads such as BSA, aviaUn,biotin, O^^J^^}:^ *« PROC ' A °^' 
and enzymes such as alkaline ptostiiatase. SCI. USA. 77333-337 (1979). 
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AGE-LDL was prepared according to a protocol in which To induce flic formation of anti-AGE antibodies, synthe- 
spontaneous oxidation is minimized, according to sized AGEs were produced in vitro as described above 

Kirstein M et al, PROC NATL ACAD. SCI. USA, without resort to hydrolytic or chemical reduction reactions. 
87:9010-9014 (1990)! The protein was typically incubated with a reducing sugar to 

«- « ■ « • j 5 form AGEs. 

AGE-BSA was reduced with sodium borohydnde as 
described in Fliickiger, R. et al, METHODS ENZYMOL., . was preferably used as the glycosykting agent in 
Sv^Tl^Xy unreal borohydnde was removed v.^o because it is the jMjor orculaUng ^ar and U produces 
*~~\ '~° 1 , ™' AGEs in vitro which closely resemble the AGEs which are 

by dialysis against H». formed in vivo. RNAse was selected as the target protein for 

For aminoguanidine inhibition, BSA (100 mgAnl) was 10 gjycosylation because RNAse readily forms AGEs 

incubated with 100 mM glucose and 100 mM aininoguani- ^ AG&m6diatod intennolecular crosslinks. 

Lysine-derived AGEs were prepared by incubating 1M 15 ad j uva nt following a protocol for post-translationally modi- 

glucosc^phosphate or IM glucose with 50 mM Wy^ein fie<J ^ otdsi& m accordance with R. Bucala, et al., MoL 

0.2M sodium phosphate buffer (pH 7.4) 10 days at 37 C. ImmunoLi 20:1289-1292 (1983) ( tt hyT^rimmunization 

l-deoxy4-morpholiiK>-D-rnjctose was obtained from protocol") and as follows. Accordingly, each rabbit received 

Sigma Chemicals, Inc. and l-deoxy-l-propyuunino-D- four mtradermal injections over the back (200 ug each) and 

fructose was prepared from an ct-D-glucose and 20 onc injection m each hind quarter (100 ug each). This 

N-propylamine according to Mitchel, F.ctaL, CHEM. BER. f procedure was repeated at weekly intervals for six weeks. 

92:2836-2840 (1959). 2K2-teoyl>^5H2-furanyl)-lH- After a two week rest, the rabbits received a booster injec- 

ixnidazole) was synthesized from an aqueous mixture of tk>n of 1 mg of antigen in Frcund's incomplete adjuvant The 

furylglyoxal and 6-aminohexanoic acid and purified by amimals were bled on the tenth day after this injection, 

medium pressure chromatography on silica geL 25 Antibody response was monitored weekly by Ouchterlony 

l.alkyl-2-fomyl-3,4^glycosyl-pyrrole (AFGP) was double diffusion and by non-competitive ELBA 

prepared by incubating glucose with 6-aminohcatanoic add Using the hyperimmunization protocol described above, 

and sodium sulfite for 26 days at 37° C followed by higp titre polyclonal rabbit anti-serum against RNAse (the 

chromatography on Dowex AG 1x4 anion exchange resin carrier protein) was obtained. The anti-RNAse titre was 

and HPLC. dctennined to be greater than IQ~ 5 in a noii-competitrve 

rYri ™ wtTTHn^ ELBA. The following absorbed antigens were tested: 

OTHER METHODS RNAse, glucose-derived AGE-RNAse, BSA, glucose- 

The anti-AGE antibody and its reactivity with in vivo- derived AGE-BSA and G6?-derived AGE-BSA The results 

derived AGEs, and its non-reactivity with AGEs synthesized 35 are shown below in FIG. 1. 

chemically by methods involving hydrolysis or reduction Significantly higher reactivity was observed for the 

were evaluated. Protein concentrations were determined in immunogen AGE-RNAse man RNAse. The anti AGE- 

accordance with Bradford, M., ANAL. BIOCHEM., RNAse antiserum also reacted with albumin modified by 

72:248-252 (1976), and BSA was utilized as a standard. incubation with either glucose or G6P, but not with unmodi- 

Ribonudcase and AGE-RNAse protein amounts wore deter- ^ ficd alburmX indicating the presence of antibodies specific 

mined additionally by SDS-PAGB and comparison of Coo- for AGEs. 
massie Blue stained bands with RNAse standards. Hydrox- 

yproline content was deterrnined according to Edward, C. et EXAMPLE 1 

aL, CUN. CHM. ACTA, 104:161-167 (1980). Collagen Elisa Assays 

AGE-spedfic fluorescence determinations were performed 45 

by measuring emissions at 440 nm upon excitation at 370 To monitor the formation of anti-AGE antibodies, rabbit 

nm using an LS-3B fluorescence spectrometer (ftrkin- antiserum produced as described above, was titered in a 

Elmer, Norwalk, Conn.). nonH»mpeutive ELISA system. RNAse, AQB-RNAse, and 

A preparation of control albuinin was also incubated AGE-BSA were used as the absorbed antigens, 

under the same conditions described above without sugar. 50 The absorbed antigen was contacted with rabbit serum, 

All incubations were rxaformed under sterile conditions in allowing the anti-AGE antibodies contained in the serum to 

the dark, and at 37° C After incubation, unbound material complex. The level of complex formed was then evaluated 

was removed by extensive dialysis against phosphate buff- by adding anti-rabbit IgG antibodies conjugated to alkaline 

ercd saline (PBS) or by gel filtration over Scphadex G-10 phosphatase (Organon Technica, Durham, N.C). The titre 

(Pharmacia, Uppsala, Sweden). 55 for anti-(AGE-RNAse) antiserum was thereafter defined as 

A single standard AGE-BSA preparation (1 mM AGE- the serum dilution giving a 50% of maximum OD^ signal. 

BSA=12 A 3J0 ) was used as a reference Fluorescence inten- Ligand inhibition and ACT ineasurements were then 

sity standards were used to calibrate and monitor the per- performed in competitive ELISA Ninety-six well rnicrotitre 

formance of the instrument Fluorescence values of test plates (Nunc Immunoplate, Gibco, Grand Island, N.Y) were 

substances were measured at a protein concentration of 1 60 coated with AGE-BSA (obtained as described above) by 

mgAnl and expressed as percent relative fluorescence com- adding 0.1 ml of a solution of AGE-BSA (10 ugtal dis- 

pared to tie AGE-BSA standard. solved in PBS) to each well and tocubating f or 2 hrs. at room 

temperture. Wells were then washed three times with 0.15 

PRODUCTION OF ANTI-AGE ANTIBODIES ml of a solution containing PBS, 0.05% Twcen-20, and 1 

Previous efforts to raise antisera against native AGEs 65 mM NaN 3 (PBS-Tween). 

cenerally have been unsuccessful or have failed to detect The wells were blocked by incubation for 1 hour with 0.1 

AGEs which occur in vivo. ml of a solution of PBS containing 2% goat scrum, 0.1% 
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ncA »«A i mMKaN After washing the blocked wdls with model Amadori products, deoxypiopyla^otoctose and 

^^eea^O T rfaS^V was added, deoxymoipholinofnictose were also tested and. each com- 

SO jf of &c^Sved g antisenam (final pound failed to inhibit antiserum binding Further evidence 

!?w£n uLv that Amadori products are not recognized by the antiserum 

£ w« thereafter incubated for 3 hours at room 5 was provided by the fact that *^b*d^*^ 

teiSurTafter which the wells were washed with PBS- of AGE-BSA did not diniinish reactivity in the competition 

Twecn and developed with an alkaline phosphatase linked ELISA (data not shown). 

anti-rabbit IgG (raised in goats) utilizing To further characterize the nature of the in vivo-generated 

p-riitrophenylphosphate as the colorimetric substrate. AGEs which react with the anti-(AGE-RNAsc) antiserum, 

Results were expressed as B/Bo, wherein Bo is the 10 AGEs werc synthesized in foe presence of the advanced 

mnyjmnm amount of antibody bound in the absence of gi yc0 sylation inhibitor aminoguanidine. Arainoguanidine is 

competing antigen, and B is the amount of antibody bound ft nydia2 i ne .iij a; compound which reacts at an intermediate 

in the presence of competing antigen. Both Bo andBhave gUge of ^ advanced glycosylation process, inhibiting the 

been adjusted for background (Sec Robard, CUN. CHEM^ formation of protein-bound fluorescent products and 

20: 1255-1270(1974) and cal^^ 15 CTOSslillks . M in FIO. 4, the inclusion of aminoguani- 

cal density at 405 nm^deground optical density (no incubation of glucose and BSA signifi- 

antibody)]/[total (no competitorj-background optical ^tly inhibited foe formation of AGEs which react and bind 

^was determined that three micrograms of foe glucose- to the anti-AGE antiserum, 

derived AGE-BSA standard inhibited antiserun^binding by EXAMPLE 2 
50%. This standard yielded an A^ of 12 mM albumin. 

The specificity of the antHAGE-RNAse) antiserum was Agc Formation Kinetics 
thus tested using a variety of AGE-modified proteins, 

unmodified protcL, and synthetic AGEs. As shown in FIG. Hie kinetic relationship between the formation of AGE- 

2 (A) resulu were obtained by testing antHAGR-RNAse) associated fluorescence and the formation of 1™^^ 

anfcer^ aiming bind to anti-AGE antiserum was also evaluated. FIG. 3 

uvcr^As^cmusingAGE^BSAas the absorbed antigen. shows a time course for the development of fluorescence and 

All points represent the mean of triplicate determmations. anti-AGE antibody reactive material 

The AGE-albumin prepared by incubation of BSA with BSA was incubated with glucose, aUquots were removed 
glucose showed the greatest inhibition, followed by AGE- ^ at various intervals, dialyzed to remove unbound products, 

albumin prepared with gUicose-6-phosphate and with true- and then assayed. AGB-fluorophores were observed to form 

tose> rapidly between 0 and 40 days and to precede theformaUon 

FFI-BSA, a BSA derivative which carries the synthetic of antibody reactive products. 

AGE ligand FFI, was n ot recognized by foe antiserum. Other when measured by ELBA, AGEs were not detected until 

albumin modifications such as formyiation or maleylation, 35 20, and then formed rapidly between days 30 and 70. 

which produce specific recognition signals for albumin ^ formation of both AGE fluorophores and antibody 

uptake in vivo likewise did not demonstrate any cross- reactive products eventually plateau ed 
reactivity with the antiserum. 

The AGE-modification competed for antibody binding in EXAMPLE 3 

the competitive ELBA when it was present on diverse 40 ^. m 

c^top^s (FIG. 2, B). Thus, G6P-derivcd AGB-HSA, I>*betc* Evaluation 



glucose-derived AGE-LDL, and glucose-dmved AGE- ^ aboy ^ ^ picsCDi invention affords a particu- 
collagen (type IV), all demonstrated specific inhibition at effective means for foe detection and evaluation of 




lagen did not so compete. Acetyl-LDL, a modified form of ouantity D f ACEs in diabetic tissae, and the use of the ACT 

LDL which is specificaUy recognized and taken ^up by J* s described herein to characterize the overall condition 

cellular scavenger receptors, also was not recognized by foe of a mam^ known to be diabetic, arc described below. 

antKAGErRNAse). lb determine whether tissue AGEs could be measured by 

^isolated from in vitro incubations of amines with the rapid intravenous injection of alloxan (40 mg*8) 

whettwrlow molecular weight AGEs could react with the or streptozotoan-treated animals. 

ZS^Lb* vJJS^ were generated by the At 4 mouth interval 6 antaab .were -c^and^ 

incubation of glucose or G€P with lysine in vitro without aortas removed and toon at -W* G for later malysfc 

Scat reduction or hydrolysis. The resulting product was Arterial tissue was slowly lhawed. nnsed wi<hPBS-«nd 

SSte reactivity in&e competitive ELBA. « finely minced with scbsors. Lfclds were «tactod with 

toriol incubations consisting of either sugar or lysine acctoae/chlorofonn (1:1) by shaking gently 

toSrSi^Son (data not Sown). Two C Samples men were dned by vacuum centrifugatton and 
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_„.. . ft , M NflPO buffcr (oH 7.4). Collagenase surement of frectose-derived AGBs is being recognized as a 
JKe^wita affiJf »Sb2d the sigoifican, determinant of the rat, of AGE faction, and the 
^J^ZLdte 48hrat 37°CwfthmUd making. One concomitant development and extent of Ac pathologies and 

line measurements. . ■ nrcsencc and participation of fructose in protein crosslinking 

I» the diabetic animals (aUox^plus-streptozotocm ^""^J^^ for fructos^derived AGEs that 
group), relative fluorescence increased & °™^ 7 ^;™ cornrnendsTmeasuicment and control, and significantly, 
16 weeks to 23.7«d3.0% at 64 weeks (P <QSX1V PJores- w Ci/m.38(7):1301-1303, state 

cence in decontrol. non^c^smc«as«l shghtty Ahmed« ^ ^ ^ ^ ^ fcy 

during this time period (83%±1.0% to not ^own clinical assays, 

tisticallv Kimificant) Tissue and serum AGE values were presenuy mown cumou 

nits One AGE Unit was defined as the Accordingly, the present invention is appropriately 

an^nltf al^ ^vc n^it equivalent to is extended to the measurement of fructose-<lerrved AGEs In a 

^1 uTofn^A^BSA^nU The pValues were comprehensive effort to better understand and treat the 

between groups. 

Analysis of the AGE content by ELBA showed an EXAMPLE 5 
ammxim&telv two-fold increase with time in the diabetic ** 

U/mg at 16 weeks versus 10.5±1.8 U/mg Anti-AGE antibodies developed for the detccton of in 
!r£wta Tp<fl 001? Arterial AGE content also increased vivo-formed AGEs were used in a competitive ELBA to 
SiSS'trtelSulSd^c rats although at a much measure hemoglobin-linked AGBs in red cell hemc4ysates. 
lower rate than in the diabetic animals (2 .5±0.6 U/mg at 16 FIG. 9 shows the results of this analysis for 32 red cell 
weeks versus U/mg at 64 weeks P<<>.001>. 25 sanies obtained from diabetic individuals (DM) and non- 
Human serum was also obtained from normal and diabetic diabetic nonnoglycemicindMduals (NL). Hero^obin- 
na"eW Patients with «*npromiscd renal function were linked AGEs were detected in both groups of ^duals, 
also sm<liedbcc^tms group of patients r^b^ but significantly higher amounts were present in fte dufccUc 
hivetarSSXated lev«£ of Mating, serum AGEs. group (NL l^M^ Units AGEtag Hb;DM £231= 
These drculatmE, serum AGEs are primarily in the form 30 7.71&6 Unfts AGEtag Hb, [MeaniSU.], P<0.001 by Stu- 
of low-molecular peptides which are inefficiently cleared by dent's unpaired t-test). 

Zn^STcam^ Antibody reactivity, expressed in AGE Units was calcu- 

^sUeTwere obtained from non-diabetic (n=12), latedreUdvetoa syn^^ AG^albW^a^ 

diabetic normal renal function) had a mean level of 40 A J™^ S c^X^elTwilh the levels of 
10.5±1.3 U/ml serum. The AGE levels were elevated more «»«riiitfeallv significant 

than two-fold in the diabetic patients (24.7±2.4 U/ml ( hd-auu m a swumiwuij ^ 
PcO.001 for diabetic (DM) vs. normal (NL) and almost EXAMPLE 6 

well with the findings or a recent sway wnicu _ . . , -t r- with glucose concentrations mat mim- 

patients on hemodialysis. ^ dependant manner. See FIG. 11. That early Amadori gryca- 

EXAMPLB 4 tion products are unreacuVe with anti-AGE antibodies was 

An assay of time-integrated blood glucose levels was confirmed in the present system by the observation that 
perfc^Lingthe pro^oTfcUowed in Example 3 above. sodium borohydride reduction ^ch ^ers the Amrion 
Samples taken frZnonnal and diabetic patients. The product epitope did n^affectthe oetectioao^AGE 
n^il^rf the assav were rornnared against values mat are ss products once formed. The addition of amhwguanidine 
Sef wSn^^gSSdTcose is measured " pTented the formation of l""***"^"^ 
using the known standard of HbA„ and are presented in Hemoglobin-AGE rneasnrernente w« P^ormedu! 
Sq| 7 and a blood specimens obtained from patents undergoing ; teat- 

Sfaring to FIGS. 7 and 8, it can be seen that the meat with ammojmanidine. The t^S!ZSm£ 
perforr^c of the present assay with AGE-hemoglobin as 60 18 individuals ^^.f^f^^T^^ 
mTstandard compares favorably with the known detenni- samples were cbUdned before ^.^.^ 
out and standardHbA.^ and can be used in any instance noguanidinc treatment and the ^ A ^?£ *~ ^ 
wtereme^toLt ma? be called for. The data measure- mined by ELBA. As shown in FIG. 12, the meanl^AGE 
mS ZtwZb are virtually identical and the value decreased sigiuficanfly as ,a ^rf"™*"*^ 
Sdintegrity of me present assay is consequently high. « therapy. (13.&MJI ^A(^g Hb vs. 10^9 1^ 
^^aSgnostkwllcationrflhep^ AGE/mg Hb [MeaniSJL] P<0.001. by Student s paired 

in the measurement of fructose-derived AGEs. The mea- t-test). 
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HbA, values were not affected by aminoguanidloc treat- 
ment (laMd&S* v. 9.2*±0.8*n [Meani&E.] F=NS). No 
significant changes in either the Hb-AGB or BbA u levels 
were observed in blood samples obtained from a group of six 
patients receiving a placebo control (data not shown). 

The existence of an AG&modfficd hemoglobin is note- 
worthy in several respects. First, AGEs generally have been 
considered to require a time course of months to years to 
form even under hyperglycemic conditions. The present 
findings indicate that within the lifespan of circulating red 
cells, eg. about 120 days, significant amounts of AGB- 
modified hemoglobin are formed. If Hb-AGE Units, 
expressed relative to a synthetic AGE-alburain standard, are 
recalculated as a traction of total red cell hemoglobin, 
Hb-AGE appears to account for 0.42*0.07* of circulating 
hemoglobin. This level increases to a mean of 0.7510.08% 
in the diabetic group that was studied. These values contrast 
with corresponding HbA lc fractions of 5.8% and 8.9% for 
the ncirmoglycemic and diabetic groups respectively. 

The high amount of AGE accumulation on hemoglobin 
compared to connective tissue or basement membrane col- 
lagen may reflect the receptor-mediated turnover of connec- 
tive tissue AGEs during normal remodeling or indicate an 
inherently enhanced rate of AGE formation on hemoglobin 
as a protein substrate. Alternatively, circulating red Mood 
cell hemoglobin may be susceptible to modification by 
reactive plasma AGEs which occur in elevated amounts in 
patients with diabetes, renal insufficiency or other disease 
conditions. Irrespective of the mechanism of formation, the ^ 
application of quantitative EUSAmemods to measurements 
of in vivo-generated AGEs indicates that AGE formation 
occurs more rapidly with hemoglobin than with connective 
tissue collagen. 

Hb-AGE may thus serve as a useful biochemical index of 3J 
advanced glycosylauon in viva The formation of Hb-AGE 
reflects a time integral of blood glucose concentration that is 
significantly longer man that established far HbA^ (3-4 
weeks). Four week pharmacological intervention with ami- 
nognanidine was sufficient to lower significant ly (28%) the ^ 
Hb-AGE levels in a treated diabetic population. 

Hb-AGE measurements may facilitate a variety of inves- 
tigations into the pathophysiology of both diabetes and 
age-related complications. These would Include clinical 
studies aimed at elucidating the benefit of strict glucose 
control in preventing diabetic complications, as well as 
experimental investigations of the role of advanced gfyco- 
sylation in the pathogenesis of such diabetes- and age- 
related conditions as amerosclerosis, hypertension and renal 
disease. 
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Urine AGBe: Units 


Treatment 


excreted per 24 fare. 


Nanmrirats 


540011200 


Nocxml imti treated 


2200 ± 190 


wife 70 mgfcgfd&y AO HC1 


94001540 


Diabetic rats 


Diabetic rats fretted 


4100±1200 


with 70 mgftgtfay AO 




HO 
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EXAMPLE 7 



Effect of Aminoguanidine on Urine AGE Levels in 

Normal and Diabetic Rats 
Groups of normal and streplozotocin-diabetic rats were 
left untreated for 11 weeks. Half of the animals in each of the 
two groups were then started on daily treatment with 70 
mo/kg aminoguanidine hydrochloride (AG HO), by gavage t 
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From the above, it was observed that twenty-one weeks of 
diabetes produced a 1.7-fold increase in urinary AGE excre- 
tion over that of normal animals which was normalized by 
aminoguanidine administration. Aminoguanidine-treated 
normal rats showed a 60% inhibition of urinary AGE 
excretion. The above data accordingly confirms the rel- 
evance and value of the measurement of urinary AGEs and 
AGE-peptides to monitor conditions such as diabetes where 
the turnover of tissue AGEs is a clinically valid long-term 
determinant, as well as the apparent efficacy of aminoguani- 
dine as a therapeutic agent 

This invention may be embodied in other forms or carried 
out in other ways without departing from the spirit or 
essential characteristics thereof. The present disclosure is 
therefore to be considered as in all respects illustrative and 
not restrictive, the scope of the invention being indicated by 
the appended claims, and all changes which come within the 
meaning and range of equivalency are intended to be 
embraced therein. 

What is claimed is: . 

1. Aphannaceutical composition containing an anti-AGE 
antibody in combination with a pharmaceuticaliy acceptable 
carrier; 

wherein said anti-AGE antibody is reactive with in vivo- 
produced advanced glycosylation endproducts and has 
the following characteristics: 
L it reacts with an immunological epitope common to 
said in vivo-formed advanced glycosylation end- 
products; 

iL it is cross reactive with advanced gjycosyiation 

endproducts formed in vitro; and 
iii it is not cross reactive with the following model 
advanced glycosylation endproducts however 
formed: 2-(2-foroyl>-4<5M2-ft^ 
(FFI), l-alkyl-2-formyl-3 ,4-diglycosyl pyrrole 
(AFGP), 5-hy droxymethy 1- l-alkylpyrrole-2- 
carbaldehyde (pyrraline), carboxymethyllysinc, and 
pentosidinc, wherein reactivity is detected in a com- 
petitive immunosorbent assay format, wherein 
bovine serum albumin (BSA)-AGE obtained by 
incubation of BSA with glucose is adsorbed to said 
solid phase, and said model ACE is tested as the 
inhibitor of binding of said antibody to said BSA- 



AGE. 

2. The pharmaceutical composition of claim 1 wherein 
said in Wvo-rroduccd advanced glycosylation endproducts 
n^aminoguanimnc nyaroauonae^ ^ ^ are selected from^group consisting ofHb^AG^ AG^ 
3 toe other half of the »nhnri« with distilled water by 60 HSA, serum AGE-peptides, urinary AGErpeptides, and 
ffavace After 10 additional weeks, urines were collected combinations thereof. 

SK-E* <^a24ho«rpcriod. 3- An antibody reactive ^i»/vo^c^ adva^d 

^s^leswac^trifuged^supm^uwcrc glycoqtoioD endproducts and Having the following char- 

^SLy ^^^mrcT^offlicsc measure- «dd in vivo*™* advanced glycosylation endpcod- 

meats are set forth in the Table, below. ucts; 
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B. It is cross reactive with advanced glycosylation cad- 
products formed in vitro; and 

C. it is not cross reactive with the following model 
advanced glycosylation endproducts however f or med: 
2-(2-furoyl)-4{5)-(2-furanyi)-lH-imi4azole (FFI), * 
l-alkyl-2-formyl-3,4-diglycosyi pyrrole (AFGP), 
5.hydroxymethyl-l-alkyipyrrole-2-carbaldehyde 
(pyrraline), carboxymethyllysine, and pentosidine, 
wherein reactivity is detected in a competitive immu- 
nosorbent assay format, wherein bovine serum albumin 10 
(BSA)-AGE obtained by incubation of BSA with glu- 
cose is adsorbed to said solid phase, and said model 
AGE is tested as the inhibitor of binding of said 
antibody to said BSA-AGE. 

4. The antibody of claim 3 wherein the advanced glyco- 15 
sylation endproducts formed in vitro and reactive with said 
antiserum are selected from the group consisting of AGE- 
RNAsc, AGE~bemoglobin, AGE-aibumin, AGE-LDL, 
AGE-collagen Type IV, AGE-BSA reduced with NaBH 4 , 
and mixtures. 

5. The antibody of claim 3 prepared by hype rimmnnirin g 
a nuunmal with a foreign protein or the reaction product of 
a protein incubated with a reducing sugar. 

6. The antibody of claim 5 wherein said reaction product 
of a protein incubated with a reducing sugar is AGE-RNAse. & 

7 . The antibody of claim 3 wherd n said epitope is formed 
by the incubation of a reducing sugar with a proteinaceous 
material selected from the group consisting of RNAse, 
hemoglobin, lysine, collagen Type IY LDL, BSA and HSA. 

8. The antibody of claim 7 wherein the reducing sugar is 30 
selected from the group consisting of glucose, glucose-6- 
phosphate, fructose, and ribose. 



9. The antibody of claim 3 wherein said epitope is formed 
by the incubation of glucose with RNAse. 

10. The antibody of claim 3 which is polyclonal. 

11. The antibody of claim 3 which is monoclonal. 

12. A labeled antibody reactive with in vivo-formed 
advanced glycosylation endproducts and having the follow- 
ing characteristics: 

A. it reacts with an immunological epitope common to 
said in vivo-formed advanced glycosylation endprod- 
ucts; 

B. it is cross reactive with advanced glycosylation end- 
products formed in vitro; and 

C. it is not cross reactive with the foUowing model 
advanced glyeosylation endproducts however fo rmed : 
2-(2-f uroyl)-4(5)-(2-f uranyl)- lH-imidazolc (FFI), 
l-alkyl-2-formyl-3,4-diglycosyl pyrrole (AFGP), 
5-hydroxymethyl-l-alkylpyrrole,-2-carbaldehyde 
(pyrraline), carboxymethyllysine, and pentosidine, 
wherein reactivity is detected in a competitive immu- 
nosorbent assay format, wherein bovine serum albumin 
(BSA)-AGE obtained by incubation of BSA with glu- 
cose is adsorbed to said solid phase, and said model 
AGE is tested as the inhibitor of binding of said 
antibody to said BSA-AGE. 

13. The labeled antibody of claim 12 wherein said label is 
selected from the group consisting of an enzyme, a chemical 
which fluoresces, and a radioactive element 

14. The labeled antibody of claim 12 which is polyclonal 

15. The labeled antibody of claim 13 which is monoclo- 
nal. 
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[57] ABSTRACT 

The present disclosure concerns a treatment for autoimrniine 
diseases, including AIDS, by removing interferons, TNFs 
and receptors therefor, from body fluids. An extracorporeal 
device exposes fluids from a patient, including blood, 
plasma, cerelorospinal fluid, and the like, to an immunosor- 
bent to accomplish removal. Following treatment, the fluid 
is returned to its source. 

16 Claims, 1 Drawing Sheet 
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T«F ATMENT OF AUTOIMMUNE DISEASES, against them were found in the sera of humans and in animal 

™™S rS models, it is possible that the particles are integral parts of 

mmmsSi f I iKStoRS the lymphocytes or organs. HIV and its particles are inter- 

INTERFERONS IW^AWU fer0D inducers . Every antigen is an interferonogen; "self* 

iiuuwKj ^ cannot induce IFN. Thus, the production of IEN signals the 

BACKGROUND OF THE INVENTION invasion by a foreign antigen, IFN production, mostly IFN 

mt i j «f inwinn of the aberrant type, and its prolonged circulation in the 

a) Field of the Invention - body is an inseparable part of the development of autoim- 
The invention concerns a method to treat codM and X i * ^ ^ ^ For 

diseaseswMcha^ Sample, antibodies to CT>4 in patients with HIV infection 

mterferons^^ ^nj of Med 78: 621, 1985), can aossreact with class II 

necrosis factor) which damage the immune system and have ^ ^ ^ Sd ySA 8g; ^ mi) which in 

a direct pathological action on cells. ^ fc by gamma jfn, or by gamma IFN in 

b) Description of Related Art combination with TNF, and possibly by aberrant IFN, which 
Besides its anti-virus and anU-proliferative roles, IFN also JS £ n(Ulccs j^p, in other words, aberrant IFN and TNF could 

plays a role as an immunoregulator (Immunology 25: 367, be j^Q^i pathological triggers of immune dysreguiation 
1973; W. Stewart, Interferon System, 1979). The normal mA iDS. 

functioning of the interferon system in vivo is critical for the Bcsides dassic AD and AIDS, there are a number of other 
normal functioning of the immune system. A change in IFN athological conditions in which autoantibodies play a 
synthesis can bring about a change in the unmune system. In ^ r ^ rolc ^ (or organ) transplantation and 
1974 an article was published suggesting that the hyperpro- ^ or from me trans- 

duction of IFN can be the main cause of the deve ^ntof plan tation of cells (organs) or necrotic cells from the heart 
autoimmune disease (Nature 551: 2047, Feb. 22. 1974). IFN ^ ^ ^ stimulatc mc production of antibodies or 
was found in the circulation of patients with automimune immnQ lym p hoc ytes (R. Johnson, L. lynne and Wan. 
diseases and it was neutralized in vivo with antibody to ^ § Sem Nuc Med 19; ^ 1989; M. Leinonen, E. 
leukocyte (alpha) IFN; healthy people do not ^have interferon Tjnn nnTnnlri ^ and M . s , Niernincn, et aL. Micro- 

in their blood (Annals of Allergy 35: 356, 1975). biolQ pam 9; ^ 1990; j Montalban, A. Codin, J. Ordi, M 

Later it was shown that mis hyperproduced alpha IFN is yilardelL et aL, Stroke 22: 750, 1991), which later partici- 
found not only in the ckculation of patients with classic pafc m ^.j^on ( m mc casc c f a transplant) or attack the 
autoimmune diseases,.but also in patients with HIV infection ^ and ce u S( aggravating the condition. Every 

(J Infec Dfs 146: 451, 1982). This alpha IFN is pH labile 5^^^ ^ accompanied by the immediate syn- 

while normal alpha IFN is pH stable. This aberrant type of of interferon wn ich triggers the iirimune process. To 

IFN may participate in the pathogenesis of AIDS where its counter transplant rejection, antibodies to three kinds of 
presence is a predictive marker of AIDS progression (Cancer interferons (alpha, beta, and gamma), or in some cases, 
Res 46: 417, 1986). It was proposed to remove aberrant IFN 35 gmm2L ^ne, and the antigen of the transplanted cell or 
from the circulation as a method of treatment of patients 0Jgan ^ placed in the immunosorbent column. To treat 
with autoiinmuflc disease and AIDS, also considered an infarction or stroke, antibodies to IFNs as well as cardiac or 
autoimmune disease. brain antigens are placed in the immunosorbent column. 

Aberrant IFN can induce tumor necrosis factor (TNF) and Further, the present invention may be used in combination 
Its receptors (AIDS Research and Human Retroviruses 7: 40 immiirK)Suppressive therapy necessary for treating inf- 
545, 1991), which enhances virus replication (Proc Natl arction and stroke, 

Acad Sci USA 86: 2365, 1989). In other words, aberrant IFN ^ addition) m human autoirnmnne disease certain cells 
production reflects virus replication. The aberrant IFN express abnormally elevated levels of HLA class H antigens, 
induced by fflV has low anti-tfflV) viral activity (J Immu- ^ stimi ^ ted by me disturbed production of gamma 

nol 148: 422, 1992). In some stages of AIDS, its induction 45 ^ ^ TNF ^ 9 Academic Press 1987, p. 75). The 
may help the virus survive. disturbance of the synthesis of HLAclassHantigen plays an 

Alpha IFN, mostly the aberrant type, may be the main important role in the pathogenesis of autoinirnune disease 
cause of the development of autoimmune disease, but in aDL(I AIDS. The disturbance of HLA class II antigen leads to 
some situations gamma IFN, and more rarely beta IFN, can a d^y^ance of the presentation of antigens to T cells, T/B 
also play a pathogenetic role since all of these participate in 50 cooperation and the dysregulation of the interaction between 
immune regulation. Every hyperproduction and chronic T ceUs For me normalization of the immune system, it is 
circulation of IFNs, especially aberrant IFNs, and other necessary to remove hyr«rproduccd class H antigens, and in 
defective IFNs, have a negative influence on the function of gome ^ is also necessary to remove its receptors. For 
different body systems, in particular the immune system (J ^ reason$ the present invention includes in the immun- 
of din Immunol andlmmnnopathol 43: 362, 1987; Am J of 55 0SDrDC nt antibody to class II antigens, and in same cases, 
Med Sci 295: 532, 1988). The presence in AIDS patients of antibody to its receptors. This absorption can be obtained 
gamma IFN may be a marker of the intensification of the £ rom wno i e blood or from the plasma with leukocytes 

aU B°Sr^«cnt in the circulation, IKNs have also SUMMARY OF THE INVENTION 

been found in the cerebrospinal fluid in some patients with eo An objective of the present invention is to restore immu- 

osychiatric and neurologic diseases (Acta Biol Med Germ nity in some autoimmune diseases, Euch as AIDS, by remov- 

38-879 1979- Acta Neurol Scand 53: 152, 1976)andinthe ing IFNs togemer with TNF, and in some cases the receptors 

joint synovial fluid (Ann of Rheum Dis 42: 672, 1983) of therefor, as well as certain antibodies and antigens, using 

patients with rheumatoid arthritis. Healthy people do not combinations of immunosorbents in an extracorporeal 

have interferons in the spinal or synovial fluids. 65 device. An example of antibody use is placing antibody to 

As is known. AIDS is induced by HTV. In autoimmune HLA class U antigen in the immunosorbent. An <» 

disease where HIV like particles and their antibodies using antigen in an immunosorbent is the antigen CD4. 
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The latter can be included among the immunosorbents, DESCRIPTION OF THE PREFERRED 

either in combination with other sorbents, or alone. For EMBODIMENT 
example, in treating AIDS patients, a combined sorbent ^ ocAamn 10 ^ tobing m of plastic approved 
comprising a first component of antibodies to IFNs, a second for ^ use of blood The total volume of the column 10 and 
component of lymphocytes from healthy donors, mostly 5 tu bj ng j s sma u j approximately 30-35 ml The column 10 is 
CD4 cells to absorb serum antibodies which react with CD4 witn me immunosorbent, consisting of the antigen or 

cells, and a third component to remove TNF can be used. In antibody bound to Sepharose 4B ox another suitable matrix, 
rheumatoid arthritis, antigens from joints, skin and possibly through a short filling tube 12 placed at a first end of the 
other target antigens can be used as sorbents in addition to column 10. Input tube 14 and return tube 16 are connected 
antibodies to IFNs and other sorbents. In autoimmune dis- 1 between the first end and a second end, respectively, of the 
eases of the central nervous system, additional immunosor- column 10, and a fluid sample 18. A first filter 20 is 
bents antigens from the brain cells could be used to absorb interposed between the input tube 14 and the column 10, and 
antibodies formed against brain cells. In treating patients a second filter 22 is interposed between the return tube 16 
with systemic lupus erythematosus, in addition to other 15 and the column 10. The filters 20, 22 prevent the flow of 
sorbents a sorbent (DNA) can be added to absorb anti-DNA immunosorbent from the column 10. Two way stopcocks 24, 
antibodies 24 regulate flow throughout the system. 

The column 10 is positioned lower than the source of the 
In still another example of treating an autoimmune fluid sample lg whereupon the cerebrospinal or synovial 
disease, e.g., rheumatoid fever, the invention uses one ^ fluid flows into me colurrm 10 under me influence of gravity, 
sorbent for removing IFNs and other substances, often ^ fl u fo perfuses through the immunosorbent, it is 

together with their receptors, and a second sorbent for collected in a holding tube 26 from which it is returned to the 
removing antibodies against cardiac tissue. The second source of the fluid. 

sorbent can also include both certain serotypes of strepto- according to the present invention to be used 

coccus (streptococcus group A ) and antigens of cardiac ^ 1Q ^ obtain&d ^ follows: 

tissue. Some antigens from cardiac tissue and some sero- 
types of streptococcus are antigenically similar. When treat- EXAMPLE 1 
ing certain diseases connected with hypersensitivity of the 

immediate type, e.g., bronchial asthma, a combined sorbent Production of antibody to human gamma IFN: Adult 
having a first component for absorbing IFNs and other rabbits are immunized with purified human gamma IFN 
substances, as well as a second component made of an 30 (10^10 6 unit/mg protein). This interferon is first mixed with 
antibody against IgE (irrimunoglobulin E), can be used. equal volumes of Ereund's Complete Adjuvant and 30% 

Arlacel A and injected EM or subcutaneously on day 1, 4, 14 

These approaches could restore the immune system and, and 4 j (10Q 200 units, 200, 200 respectively). After 
especially in AIDS, break the chain of events which are ^ 2 00,000 units/month for 6 additional months are 
insuring the continuous repUcation and survival of the virus, 35 smm is obtained when me ^ ta: has reached 

HIV. 100 units (1 unit of antibody neutralizes 10 units of gamma 

Removal or neutralization of alpha, gamma and beta IFN). IgG is isolated and purified. 
IFNs, TNF, and HLAH class antigen, and/or their receptors EXAMPLE 2 

in some cases, as well as other components, can be accom- ^ mamjxii z 

plished with polyclonal or monoclonal antibodies produced Production of antibody to human beta IFN: Adult sheep 
in mice or human hybridorna. These different antibodies can receive 12 weekly injections of 10 7 of human beta IFN. Six 
also be put in an immunosorbent column. If the antibody is weeks after the 12 injections a booster shot of 2.7xl0 7 units 
to be administered intramuscularly or intravenously, then it 0 f jp]sr is given which is first mixed with fieund's Complete 
is preferable to use monoclonal antibody produced in human ^ Adjuvant and injected into several IM sites. Bleeding begins 
hybridorna (any monoclonal antibody, however it is 7 fay S jgfj is then obtained and purified, 
produced, as long as it comprises human protein). To neu- 
tralize antibodies to different cell antigens, the antigens from EXAMPLE 3 
these cells must be placed directly in the i™osorbent Cohmm Prepara tion: Sepharose CL-4B (Pharmacia, 

^lT'A k ^ 0P ° sslbl ^ us f acon ^ mCd ^^" 50 Piscattawy,NJ.)(100M)iswashedthoroughlywithpyro- 
with both me immunosorbent column and parenteral injec- fec ^ suspended * 300 ml ice cold 1M 

tion of specific antibody. NaC0 3 pH 11.0. 20gmsCNBrin lOmlacetonitrileis added 

Regarding the extracorporeal system, these substances to the Sepharose. After 2 minutes this is collected on a 
can be obtained with an extracorporeal device from whole fretted glass funneL Sepharose cake is washed with 5 
Wood, plasma with leukocytes, or plasma only. To do this, 55 volumes of ice cold Q2M Na Bicarbonate buffer pH 95 and 
one can use a blood cell separator (e.g., Cobe ••Spectra") to 5 volumes of ice cold 05M Na Bicarbonate buffer pH 8.5. 
which the immunosorbent column is connected. Such a This is immediately resuspended in a solution of 780 mg 
device is known from US. Pat No. 4362,155 which is anti-alpha IFN antibody in 200 ml of 0.2M Bicarbonate . 
incorporated herein by reference. To remove pathological buffer pH 93. This is incubated for 20 hours at 4 degrees C. 
substances from joint and spinal fluids, a special extracor- 60 This is then centrifuged, the supernatant is decanted and 
poreal device with a small amount of immunosorbent is sediment is resuspended in 100 ml of 0.05 PBS (Phosphate 
use 4 ( buffered saline) and 2M glycine pH 8.0 for 12 hours at room 

temperature. This is then washed thoroughly with 20 vol- 

BRD3F DESCRIPTION OF THE DRAWING "mes of PBS. 

65 What is claimed is: 

The sole figure shows an extracorporeal device for remov- 1 A method of removing antigens from a patient with 
ing pathological substances from joint and spinal fluids. autoimmune disease or AIDS comprising the steps of: 
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drawing fluid from said patient; 

passing said fluid through immunosorbent comprising a 
combination of antibodies, consisting essentially of: (a) 
one or mare antibodies to at least one interferon, 
selected from the group consisting of alpha interferons 5 
and gamma interferons, and receptors therefor; and (b) 
one or more antibodies to tumor necrosis factors, and 
receptors therefor, and 

returning said fluid to said patient 1Q 

2. The method according to claim 1, wherein said method 
removes alpha interferon and tumor necrosis factor from 
said fluid. 

3. The method according to claim 1, wherein said method 
removes gamma interferon and tumor necrosis factor from ^ 
said fluid. 

4. The method according to claim 1, wherein said method 
removes both alpha and gamma interferon, and tumor necro- 
sis factor, from said fluid. 

5. The method according to claim 1, wherein said fluid is 
selected from the group consisting essentially of blood, 
plasma, plasma containing leukocytes, peritoneal fluid, cere- 
brospinal fluid, and synovial fluid. 

6. The method according to claim 1, wherein said anti- 
bodies are selected from the group consisting of monoclonal ^ 
antibodies, polyclonal antibodies, and combinations thereof. 

7. The method according to claim 1, wherein said method 
removes: (a) one or more receptors for at least one 
interferon, selected from the group consisting of alpha 
interferons and gamma interferons, and (b) tumor necrosis ^ 
factor, from said fluid. 

8. The method according to claim 1, wherein said method 
removes: (a) one or more interferons, selected from the 
group consisting of alpha interferons and gamma 
interferons, and (b) at least one receptor for tumor necrosis ^ 
factor, from said fluid. 

9. The method according to claim 1, wherein said method 
removes (a) one or more receptors for at least one interferon, 
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selected from the group consisting of alpha interferons and 
g amma interferons, and (b) at least one receptor for tumor 
necrosis factor, from said fluid. 

10. A method of removing antigens from a patient with 
autoimmune disease or AIDS comprising the steps of: 

drawing fluid from a patient; 

passing said fluid through immunosorbent comprising in 
combination a plurality of antibodies, consisting essen- 
tially of at least one antibody selected from the group 
consisting of anti-alpha interferon and antibody to 
alpha interferon receptor, and at least one antibody 
selected from the group consisting of anti-gamma inter- 
feron and antibody to gamma interferon receptor; and 
returning said fluid to said patient 
1L The method according to claim 10, wherein said fluid 
is selected from the group consisting essentially of blood, 
plasma, plasma containing leukocytes, peritoneal fluid, cere- 
brospinal fluid, and synovial fluid. 

12. The method according to claim 10, wherein said 
antibodies are selected from the group consisting of mono- 
clonal antibodies, polyclonal antibodies, and combinations 
thereof. 

13. The method according to claim 10, wherein said 
treatment removes both alpha interferon and gamma inter- 
feron from said fluid. 

14. The method according to claim 10, wherein said 
treatment removes both alpha interferon receptor and 
gamma interferon receptor from said fluid. 

15. The method according to claim 10, wherein said 
treatment removes a combination of: (a) alpha interferon, 
and (b) receptor for gamma interferon, from said fluid. 

16. The method according to claim 10, wherein said 
treatment removes a combination of: (a) at least one receptor 
for alpha interferon, and (b) gamma interferon, from said 
fluid. 

***** 
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ABSTRACT 



An improved assay method for detecting the presence 
of an antibody capable of binding with an antigen of a 
virus is provided. The improvement comprises using a 
non-human immune antibody which is reactive with an 
anti-human antibody as a positive control in the assay. 
Non-human immune IgM and a method of producing 
the IgM is also provided. 

12 Claims, 1 Drawing Sheet 
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ther, as more successful therapies become known and 
ASSAY SYSTEM FOR DETECTING ANTIBODY used, fewer seropositive donors will be available, and 
AND A METHOD OF PRODUCING NON-HUMAN thus the required antibody even more difficult to obtain. 

IMMUNE ANTIBODY In the case of AIDS patients it has been found that 

5 the condition of patients who donate blood or are sub- 
TECHNICAL FIELD jecteri to plasmaphoreisis deteriorates rapidly. There- 

The present invention relates to the use of a non- fore, obtaining AIDS ^ivcM^or plasma from 
human Lnune antibody, which is capable of reacting patterns can accelerate the disease and accordingly, 
with an anti-human antioody, in an assay system for using AIDS patients as arource of antibody for use as a 
detecting the presence or absence of antibodies to viral 10 positive control should be avoided, 
and/or bacterial infective agents. In particular, the in- The previously mentioned assay systems detect the 
vention pertains to the use of porcine immune IgG and presence or absence of IgG Cmmunoglobulin G). Such 
porcine immune IgM, as a positive control in an assay assays only allow "controlled" detection (measurement 
system. The present invention also pertains to non- defined by use of anti-IgG conjugate and of antibody 
human immune IgM, preferably porcine immune IgM 15 positive control) of the presence of IgG in blood and 
and a method of producing it. body fluids directed to antigens used in the test systems. 

_ ^ w Tvn/T , vrrf/ , v The appearance of detectable IgG directed to antigens 

BACKGROUND OF THE INVENTION fa ^ j^ected/immunized individual does not occur 

Assay systems capable of detecting the presence or until 30-40 days after initial infection in many instances, 
absence of antibodies generated in response to the pres- 20 The IgG class antibodies are often present for months 
ence of antigens are well known. Such assay systems D r years after infection/immunization, 
have proved useful in, inter alia, the diagnosis of various The presence of circulating IgG directed to immuniz- 
diseases. For example, viral infections, such as AIDS m g antigens during the course of an infection (or after 
(acquired immune deficiency syndrome) and CMV immunization) is preceded by the presence of circulat- 
(cytomegalovirus) may be diagnosed with assays which 25 mg jg\l antibodies directed towards the antigens/im- 
detect the presence of viral antibodies in ^patients sus- mun ogens. IgM antibodies directed to antigens in an 
pected of having*1th"e~disease. Examples of such assay infected/immunized individual are often present in de- 
systems which employ antigen-antibody binding in- tectable quantities as early as 14 days (or earlier) after 
elude ELISA, Western Blot, Quick Western Blots (U.S. the infection/immunization. The IgM class antibodies 
Pat Nos. 4,816,387 and 4,885,235) and RIA. Such diag- 30 dually lose titer 3^35 d ays after initial infection/im- 
nostics uniformly include controls to insure the integ- munition. 

rity of the test system. I t is w i<jely recognized that diagnostics which can 

Typically, the diagnostics have both positive and detect other than IgG are desirable. For 

negative controls. The positive control provides pertt- t { it is ^own that generally after confrontation 
nent information concerning the activitY of the test 35 fo ^ ^ 

system, i.e., that reactive antibodies specific totneanti- generating antibodies against the foreign 

gens used in an antibody test system are bound to the ^ Qr ^ * ft fa ^ l M nQi IgG js 

antigens (indicating that the antigens used in . the te t ^ * As can ^ ^ GafMt of 

system ™ I^W> f° d t ^*'J?±' m detecting IgM wUi facilitate early detection of numer- 

immunoglobulmusedtodetec^ 40 diseasesTlgM is, however, a relatively short-lived 

uhn is workmg^In the case of an ^ ELISA system the * ^ ^ 

antiimmunoglobulin may be ^^^^ » «^ tion, IgM levels fall, eventually below detectable levels, 
(conjugate) which activates a «de^ he increasing amounts. See FIG. I 

system to give a chromogen reaction; in this case the K . ' - T .? mJ r « ■ „ • im 

positive control indicates 8 whether the conjugate has 45 which compares thetrter ^J**^*™"* 
reacted, and whether the substrate has worked properly munized ^^: l -^^^J^^^l 
as anactivated chromogen. A negative control provides IgM levels are typically W«w de^Iel^ be^ 
information about the absence of restive antibodies many diseases are even d.agnosed. ^erefore, IgM is 
specific to the particular antigens used in a test system. not readily obtainable from seropositive donors and a 
iffi provia« information as to the reaction level, 50 dependable, reliable source of tins unportant anubody is 

determined by the signal used in a particular test, at ne ^ ed - . „ M „ in „.i„ 

which a specimen may be considered negative. The present ^^J^«»«^^!£ 

The cut-off point in a particular test is often based mentioned disadvantages because it provides the ability 
upon the relative value obtained by a positive control to produce the desired antibody, i.e.. IgG and IgM in a 
and/or by the negative control. An acceptable detec- 55 non-human species. In accordance with the present 
tion range obtained by the controls utilized with a par- invention there is provided a method of using non- 
ticular type of test kit is specifically designed and ti- human immune antibody as a positive control tn assay 
trated for that tYpe of kit. The positive control "value" systems. 

obtained in a particular test system affects the sensitivity SUMMARY OF THE INVENTION 

of that test system; the negative control "value" affects 60 

the specificity of the test system. The present invention provides a use for non-huraan 

Presently, the antibody used for a positive control is immune antibody in an unproved assay system for de- 
obtained from seropositive human donors. As can be tecting the presence or absence of antibody which binds 
appreciated, it is disadvantageous to depend upon sero- with viral antigen. In an assay for detecting the pres- 
positive donors as the sole source of antibody required 65 ence or absence of an antibody which binds to an anti- 
for a positive control. Notably, the supply of antibodies gen of a human retrovirus comprising the steps of (1) 
is scarce and uncertain and the quality and characteris- sequentially contacting the antigen with a biological 
tics of the antibody varies from donor to donor. Fur- fluid and positive control comprising an antibody to the 
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antigen for times and under conditions sufficient for the (at 492 nm with a 650 nm reference) measured on a 

antigen and any antibody in the biological fluid, and the Behring Processor II. 

antigen and antibody in the positive control to form It should be understood that optimal antibody titers 

antigen-antibody complexes and (2) detecting the for- m ay vary depending upon the virus used as an antigen 
mation of the complexes, the improvement comprises 5 and the particular test system used. The IgG positive 

the use of a positive control comprising a non-human control and the IgM positive control should be capable, 

immune antibody, the non-human immune antibody is ^ a certain dilution, of producing an OD value within 

reactive with an anti-human antibody. tnc QD ranges given for a positive control in the indi- 

It is presently preferred to use mammalian immune v idual types of known test kits (to be determined for 

IgG and/or IgM and most preferably porcine immune io tvpe 0 f test fc t ) containing viral antigens for which 

IgG and/or IgM as a positive control in the assay. ^ pos j t j ve con trol is to be used. For example, a nonim- 

The present invention also provides non-human im- munized contr ol pig serum produces an OD value, 

mune IgM antibody and a method for producing such whicb js undef the cutK)fTat the dilution at which 

IfiM *, . * ■ . ' . a pig positive control serum gives an acceptable positive 

J!ftff^ir^Cfl=S 15 J-tefST" 1 "HUS*V1100HNI.b* 

^^^^iTSEa %fSS S ant Jody L is cheCced .-^ 
detectable 30-40 days after immunization. At that time fvery 14 days or just pnor to admmis tenng booster 
IgG directed to the viral antigens (3CM0 days after 20 injections. A first blood sample is generally drawn and 
immunization) is still measurable. It is anticipated that in tested pnor to the initial vaccinatum to establish a base- 
humans IgG antibodies directed to HIV- 1 do not appear hne antibody level. 

until, at the earliest, about 4 weeks after infection. It is presently preferred to vaccinate by subcutaneous 

injection, but other modes of administration, such as 
DETAILED DESCRIPTION OF THE ^ intramuscular injection may be used. The vaccination 

INVENTION ^ jj p rc f era bly the side of the neck, typically injecting 

Producing Immune Antibodies three to four different locations. Vaccination on the 

In accordance with the present invention, the non- ««* » considered to yield ^^"^^^^ 
human immune antibody is obtained by immunizing an other vaccination sites as are known to those skilled in 
animal with viral material against which it is desired to 30 the art are suitable for raising the desired immune anti- 
raise a specific antibody. Examples of suitable immuniz- hody. 

ing agents include HIV-1, HIV-2, HTLV-I, HTLV-II, Once the desired antibody titer is measured, blood 
CM V and Epstein-Barr Virus. Of course, other immu- from the immunized animal is collected, either by bleed- 
nizing agents as may be known to those skilled in the art ing or sacrificing the animal and collecting its blood, 
are also useful. 35 When raising IgM antibody, to insure sufficient high 

The immunization procedure begins with a first vac- antibody titer for use as a positive control, it is preferred 
cination of the animal with a preparation comprising to sacrifice the animal and harvest its blood for separa- 
10-500 ug of viral lysate or selected portions of the viral tion of serum when the pig serum tested shows an OD 
core or envelope proteins. The viral material is prefera- value which is within the range of a positive control, 
bly solubilized in Triton X-100, SDS (sodium dodecyl 40 w hen tested in different test systems. However, it is 
sulfate), mercaptoethanol, and/or Nonidet P40 deter- preferable to harvest all the pig blood when the pig 
gent, and suspended in phosphate buffered saline (PBS), serum shows maximum OD value for the particular 
pH 7.2-7.4. It is presently preferred to premix 0.1-5% c iass of immunoglobulins (IgM or IgG) when the other 
Triton X-100 with the PBS to elicit an optimum im- Q f immunoglobulins is below the cut-off point, 

mune response. The first injection contains an adjuvant; 45 ^ C0 Hected blood or serum extracted therefrom is 
Freund's complete adjuvant is preferred for this pur- treated before use to inactivate any live virus. It is pres- 
pose. Of course, other adjuvants known to those skilled ^ y pre f erre( i to photochemically treat the blood or 
in the art may also be used. The first vaccination typi- with p sora i en followed by U.V. irradiation, 

cally comprises a total volume of 2 ml, one ml of viral Qther methods sueh ^ gamma irradiation or heat inacti- 
material in buffer plus one ml of adjuvant. The viral 50 y ^ Qn (J6 . c fQr Qne hour) ^ be ^ It should 
material and adjuvant should be thoroughly mixed im- ^ however, that heat inactivation may 

mediately pnor to injection In a preferred embodiment, ^vend? ^ antibody tiler ^ may not be as efifec- 
the first vaccination contains ^MMOO mmro^ams of Activating virus as the other methods, 

yiralma^ , ^ „ ff0m ^ ^ 

1.0 ml of Freund's complete adjuvan 55 ^ J P 

Booster immunizations are generally prepared with- " *r . . nr%x , rtt * * f ' rtf 

out adjuvant. These injections typicaUy contain 1O500 How ^ er - whole blood, plasma or any other forrc t of 
ug of viral proteins, preferably from about 50-100 ug « ™y * ^ own to tho! * ™ " 

peV injection in PBS, pH 7.2-7.4. The lysate can be **so useful. Before use, it is presently preferred to filter 
solubiUzed in detergents, e.g., Triton X-100. Booster 60 ™d sterilize the blood or serum and then freeze ahquots 
injections begin from about 7 to 30 days after the initial for later use; alternatively, the serum may be freeze- 
vaccination and every 7 to 30 days thereafter until the dried or fractionated to ennch the IgG or IgM frac- 
desired antibody titer is measured, i.e., a sufficiently tions. 

high titer is indicated by an OD value at least equal to The previously described method can be used ta 
a positive control reading on an ELISA test system. For 65 produce antibody against several viruses including 
example, in the ElectroNucleonics (VIRGO) HIV-1 HIV-1, HIV-2, HTLV-I, HTLV-II, cytomegalovirus, 
Antibody ELISA system an HIV-1 positive control Epstein-Barr virus, and hepatitis B virus. It is also con- 
serum has an OD value of over 0.250 and under 1.000 sidered within the scope of the invention to produce 
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antibodies against a variety of bacteria such as E cak 
Salmonella, Tetanus, Streptococcus, and Neisseria. 

The following examples are considered illustrative of 
the present invention. 

EXAMPLE 1 
Porcine Immune IgG Against HIV-1 
A 60 lb mixed Yorkshire breed pig was immunized 
(by subcutaneous injections in the left side of the neck) 
with 50 ug of solubilized HIV-1 antigen lysate, psorate- 
n— U.V. irradiation inactivated, in 1 ml of PBS-Triton 
X-100 and 1 ml of Freund's complete adjuvant. Just 
prior to injection blood was drawn from an ear vein and 
tested for the presence of IgG and IgM antibodies to 
HIV-1. mi , , 

Booster injections contained 50 ug of HIV-1 viral 
lysate in 1 ml of PBS buffer containing lysing detergents 
such as Triton X-100. The first booster was adminis- 
tered 14 days after the first immunization, and a second 
booster 14 days later. The pig received a total of 5 
vaccinations before it was sacrificed and its blood was 
harvested, and the serum was used as IgG against HIV- 
1. Prior to each booster, ear vein blood samples were 
drawn (and designated Booster #1 and Booster #2, 
etc.) IgG and IgM antibody titers were measured. 

The presence of IgG anti-HIV-1 was measured using 
the ENI HIV-1 ELISA VIRGO system, following the 
method described by the manufacturer. The IgM anti- 
HIV-1 was measured using a modification of the ENI 
system. The modification comprised substituting affin- 
ity purified goat anti-human IgM fi change specific, 
labelled with alkaline phosphatase (available from Cal- 
biochem, Catalog #401902) for the anti-IgG conjugate 
normally used. P-Nitrophenyl phosphate tablets, pre- 
pared in accordance with the manufacturer's instruc- 
tions, were used as the substrate (P-Nitrophenyl phos- 
phate tablets are available from Bio-Rad, Catalog 
#172-1063). The incubation times and washing proce- 
dure were performed as directed in the ENI package 
insert. The results of the IgM class were read on the 40 
Behring ELISA Processor II at 405 nm with a 650 nm 
Reference (see FIG. 1). The test results are plotted on 
FIG. I, which is a graph plotting the OD values of IgG 
and IgM specific anti-HIV-1 against time. 

As may be seen in the drawing, IgM is detectable 45 
before IgG. IgM peaks at about day 14 and falls to 
below detectable levels by day 42. 

Based on the antibody titer indicated by the OD 
value at Booster #3, the pig's blood contained an anti- 
body titer sufficient for use as an IgG class positive 50 
control 42 days after vaccination. It is presently be- 
lieved that between two and six booster injections are 
required to reach antibody titers in the optimal range. 

EXAMPLE 2 
Producing IgG Specific Anti-HIV-1 
A 60 lb mixed Yorkshire breed pig was immunized as 
described in Example 1 with 50 ug of solubilized HIV-1 
antigen lysate. Five booster injections, each containing 
50 ug of viral lysate, were administered every fourteen 60 
days, beginning 14 days after the first injection. Blood 
samples were drawn from the pig's ear vein prior to the 
first vaccination to obtain baseline antibody levels, and 
prior to administering each booster injection. The pig 
was sacrificed at day 60 and its blood collected. Serum 65 
was separated, sterile filtered and frozen. Upon testing 
the serum showed a high titer of IgG specific anti-HIV- 
1 (O.D. about 1.800) with IgM below detectable levels. 



The serum collected is thus useful as a positive control 
in an assay for detecting antibodies which bind with 
HIV-1. 

The following test results were obtained: 
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Pig IgG 
Anti HIV-1 


Cut-Off 


Humu 
HIV-1 Ab 
Positive 
Control 
(ENI) 


Baseline* 


0.012-0.017 


0.273 


0.791 


Booster #\ 


0.103 


0.250 


0.650 


Booster #3 


0.750-0.800 


0.260 


0.497 



IgM antibodies specific to HIV-1 were measured at 
Booster #3 and were found to be below cut-off 
(OD=0.1 13). Thus, IgM was below cut-off by day 42. 

For purposes of this Example, IgG was measured 
using an HIV-1 Ab-IgG kit from ElectroNudeonics 
Inc. (ENI) in accordance with the manufacturer's in- 
structions. IgM was measured using a modification of 
the HIV-1 ENI test kit. The IgM was measured using 
the method described in Example 1 

EXAMPLE 3 
Porcine Immune IgM Against HTLV-I 
A 60 lb mixed Yorkshire breed pig was immunized 
(by subcutaneous injections in the left side of the neck) 
with 100 ug of HTLV-I viral lysate solubilized with 
Triton X-100 in 1 ml of PBS and 1 ml of Freund's adju- 
vant. No booster injections were administered. Ear vein 
blood samples were drawn prior to vaccination, 12 days 
and 17 days after vaccination. The pig was sacrificed at 
day 17 and its blood collected. The serum was sepa- 
rated, filter sterilized and frozen. Upon testing the 
serum showed the presence of IgM specific anti- 
HTLV-I at a level sufficient for use as a positive con- 
trol. IgG was below detectable levels. 

For purposes of this example IgG was measured 
using an HTLV-I Ab test kit from DuPont. The anti- 
IgG conjugate in the DuPont Test Kit is alkaline phos- 
phatase (the substrate is supplied with the test kit). IgM 
was measured using a modification of the HTLV-I 
DuPont Test Kit in which the anti-IgG conjugate was 
substituted by an anti-IgM alkaline phosphatase used at 
a 1:10 dilution (Calbiochem, Catalog #401902). 
The following results were obtained: 



IgM* 



IgG* 



Baseline 
Day 12 
Day 17 



1.283 
2.200 



0.030 
0.300 



55 



•The cutoff had an OD vmlue of 0.522 and the IgG positive control hidinOD 
value of 0L979, 



EXAMPLE 4 
Procine Immune Against HIV-1 

A 60 lb mixed Yorkshire pig was vaccinated with 50 
ug of HIV-1 viral lysate as previously described in 
Example I. The viral lysate was purified by sucrose 
gradient centrifugation at approximately 100,000 X g 
(4* C. for one hour) on an ultracentrifuge. 

Blood samples were drawn prior to the first immuni- 
zation 13 days and 15 days after vaccination. No booster 
immunizations were required. The pig was sacrificed at 





Optical Density* 




IgG IgM 


Baseline 


0.042 0.085 


Day 13 


0.051 0.623 


Day 15 


0.053 0.796 


(after sacrifice) 
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day 15. The blood samples collected were tested for 1. In an assay for detecting the presence or absence of 

IgG specific anti-HTV-1 proteins using an HI V-l Anti- a human antibody which binds to an antigen of a virus 

body ELISA available from ElectroNucleonics (ENI). or a bacteria, comprising the steps of: 

The blood samples were also tested for the presence of GO contacting a sample of the antigen with a test 

IgM using a modified ENI test kit. The modification 5 sample of human biological fluid for times and 

comprised substituting affinity purified goat anti-human under conditions sufficient for the antigen and any 

IgM^ chain specific "labelled with horseradish peroxi- T^V^l^^^ 

dase (available from Calbiochem, Catalog #401905) for form antigen-antibody complexes; 

. v»vau«u»c , 6 " ' n,\ at t h e same time contacting another sample of the 

the anh-IgG conjugate ^ normally used. The substrate < > ^ ^ 

supplied with the ENI kit was used in accordance with cine antibody t0 the antigen under the same times 

the manufacturer's instructions. The incubation times flnd ^ in step (a)( ^ condi- 

and washing procedure were performed as directed in tiQns bdng sufricient for the antigen and the non- 

the ENI package insert. The results were read on a human antibody in the positive control to form 

Behring ELISA processor at 492 nm with a 650 nm 15 antigen-antibody complexes; and 
reference. ( c ) detecting the formation of any antigen-antibody 

The results were as follows: complexes in steps (a) and (b) by simultaneously 

contacting an anti-human antibody with any anti- 
gen-antibody complex as formed, for times and 
20 under conditions sufficient for any antigen-anti- 
body complexes formed in step (a) and step (b) to 
react with the anti-human antibody. 

2. The assay of claim 1, wherein the non-human im- 
mune antibody comprises IgG, IgM or mixtures. 

25 thereof. 

3. The assay of claim 1, wherein the non-human im- 
The results show that the collected blood had a high ™|" * » »« a » d y to a human retrovirus 

IgM antibody titer but was not contaminated by IgG ^catrve of acquired immune deficiency syndrome 

specific anti-HIV-1, and therefore is useful as a positive ^ l*f*> or AID S re la* d compkx (ARC). 

control in an assay for detecting IgM specific anti-HIV- 30 4 - ™* ■» v of ciwa ?• wh T er " n the non-human im- 
tuimoi »u assay g, g, v mune ^j^y com p nse s IgG, IgM or mixtures 

thereof 

In producing porcine immune : IgM specific antibody, ^ ^ wherdn ^ non . human ^ 

it has been found that an antibody titer within the opti- ^ ^ a mfi immune 

mum range is obtainable within 14-40 days. It is pres- ^ 6 ^ rf c{&]m x whmin the non . h uman im- 
ently believed that initial vaccination, without subse- mmt andbod fa M m]body tQ htlV-1. 
quent booster injections, is sufficient to obtain the de- ? The 9$say of cIaim 6 wherein the non-human im- 
sired result. However, it should be understood that one mune antibody is a porc i n e immune antibody, 
or more boosters may be required depending on the g ^ of claim 6 , wherein the non-human im- 
animal immunized. The need for any such boosters can ^ mune antibody comprises IgG, IgM or mixtures 
be determined by carefully monitoring levels of both thereof. 

IgM and IgG. Such monitoring is also necessary to 9 The assay of claim 1, wherein the non-human im- 
insure obtaining blood containing sufficiently high lev- mune antibody is an antibody to cytomegalovirus 
els of IgM but undetectable levels of IgG. (CMV). 

While preferred embodiments of the invention have 45 10. The assay of claim 9, wherein the non-human 
been described, it will be apparent to those of ordinary immune antibody is a porcine immune antibody, 
skill in the art that various changes and modifications n. The assay of claim 9, wherein the non-human 
may be made therein without departing from the spirit immune antibody comprises IgG, IgM or mixtures 
and scope of the invention. Accordingly, the above thereof. 

description should be construed as illustrative, and not 50 12. The assay of claim 1, wherein the virus is selected 
in a limiting sense, the scope of the invention being from the group consisting of HI V-l, HIV-2, HTLV-I, 
defined by the following claims. HTLV-II, cytomegalovirus, and Epstein Barr virus. 



•The cut-ofT value wu OD 0.192; the IgG positive control value was OD 0.921. 
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ABSTRACT 



Antibodies specifically immunologically reactive with 
estrophilin. Methods and materials for detection and 
quantification of estrophilin in tissue samples, notably 
those of human breast cancer tissue. 
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and the protein-estradiol complex, being a large mole- 

MEIHODS AND MATERIALS FOR DETECTION cule, sediments with a characteristic velocity. A radio- 
OF ESTROPHILIN active count can be used to quantify the complex. [See, 

e.g., Jensen, et al., J. Steroid Biochem., 7, 911-917 
The invention described herein was made in the 5 (1976); see also, Jensen, et al., ."Estrogen Receptors and 
course of work under a grant or award from the De- Breast Cancer Response to Adrenalec torn* ■ Nauona 
partment of Health, Education and Welfare. Cancer Institute Monograph, 34, 55-77 (1971)]. This 

r procedure is carried out in the presence and in the ao; 

BACKGROUND S enK of an inhibitor of the desired specific binding in 

The present invention relates generally to antibodies 10 order to identify and exclude any binding that is non- 
for estrogen receptor protein and the in vitro detection specific. The above analytical technique requires use of 
and quantification of such protein through use of such rather sophisticated, costly and uncommon i ultracentn- 
antibodies. More specifically, the invention provides fugation apparatus, the operation of which requires a 
novel antibody preparations which have specific reac- high degree of skill on the part of the laboratory 
tivity with estrogen recepetor and improved test meth- 15 worker. Other methods employed for receptor assays 
ods and reagents for detection and quantification of have similar limitetions. ISee,e.g., Korenmaii i et aL, J. 
receptor protein by means of immunological reactions. Clin. Endocrinol. & Metab. 30, 699-645 (1970)] As a 
It is generally recognized that specific estrogen-bind- result, despite the exceptional usefulness of quantitative 
ing proteins, called "estrogen receptors" or. generi- detection of estrophilin in prediction of response to 
cally, "estrophilin" are responsible for the uptake of 20 endocrine therapy, the utilization of pnor radiochemi- 
estrogenic hormones by certain tissues. The hormones cal assays is limited by scientific, geographic, and eco- 
are believed to interact with extranuclear estrophilin nomic considerations. . " 

present in hormone dependent or "target" cells, with It has long been recognized that immunochemical 
the "activated" estrogen-receptor complex so formed techniques for estrophilin detection would, if available, 
being translocated to the cell nucleus where it binds to 25 provide a simpler and less costly analytical procedure 
the chromatin and in some way enhances the ability of which would be susceptible to more widespread clinical 
the nucleus to synthesize certain types of RNA. use. Although suggestive evidence for the presence of 

It has been deterrnined that certain tissues, notably antibodies to estrogen receptor in the serum of animals 
certain human breast cancer tissues, are estrogenic hor- injected with partially purified estrophilin preparations 
mone "dependent" in the sense that systemic depriva- 30 has been reported [See, e.g., Soloff, et aL, Biochem. 
tion of supportive estrogen will result in regression of Biophys. Res. Comm., 34, 141-147 (1969); Fox, et aL, 
tissue growth and cell proliferation. As one example of FEBS Lett, 63, 71-76 (1976); and Jensen, et aL. Arch 
this dependence, bilateral adrenalectomy can effect Anat Microscop. Morph. ExptL, 56 SuppL. ^547-569 
striking remission of advanced breast cancer in post- (1967)]. the art has heretofore not been provided with 
menopausal women and similar remissions are observed 35 any definitive demonstration that antibodies to estropni- 
after hypophysectomy. Estrogen deprivation by surgi- lin can be generated, prepared m quantity, and effec- 
cal ablation of tissue responsible for estrogen produc- tively employed in an assay for ^esfropMin^peoally 
tion and/or endocrine additive therapy afford the most in tissue of differing species. Indeed the expectancy for 
effective treatments presently available for advanced success in the search for antibodies to estrophilin has 
breast cancer. Unfortunately, less than one-half of the 40 been substantially diniinished by past failure of alleg- 
premenopansal patients and even a smaller fraction of edly highly purified progesterone receptor from ovi- 
Postmenopausal patients respond to this type of thera- duct tissue to give any trace of immune response in 
py-indicating that breast cancer tissue is not always of rabbits. Such findings have l>een supportive of wholely 
the cellular type which is estrogenic hormone depen- non-immunogenic characteristics for the protemaceous 
dent Consequently, it is significant to the prognosis and 45 steroid hormone receptors generally, and for estrophilin 
treatment of human breast cancer to be able to ascertain in particular, 
whether excised tumor tissue of a breast cancer patient BRIEF SUMMARY 

is comprised predominantly of estrogen dependent cell . 
types. On the basis of such information, a reasonable According to the present invention tiiere is provided 
ablation response prediction may be made. Surgicial 50 for the first time a high yield of well-defined antibody 
removal of estrogen producing glands for the purpose isolate to estrophilin. More specifically, irnmunoglobu- 
of estrogen deprivation may be restricted to those pa- lin obtained from the scrum of animals immunized with 
tients most likely to be helped by the procedure. Correl- a highly purified preparation of estradiol-receptor conv 
atively. other breast cancer patients can be spared the plex from calf uterine nuclei has been demonstrated to 
trauma of essentially useless surgery and may be placed 55 contain specific anti-estrophmn by five criteria: (1) pre- 
immediately into alternative therapeutic programs such dpitation of radioactive estradiol-recetor complex upon 
as radiation or chemotherapy. addition of heterologous species antibody (against the 

Heretofore, the presence of estrogen dependent tissue immunoglobulin of the immunized animal) to a mature 
in mammary tumor samples has principally been deter- of the tritiated estradiol-receptor complex and the un- 
mined by quantitative detection of estrophilin in the 60 munoglobulin; (2) adsorption of the estradiol-receptor 
sample through radiochemical assay. According to one complex by the immunoglobulin linked to a supporting 
such procedure developed by the inventors and their polymer, (3) adsorption of the estradiol-receptor corn- 
co-workers, radioactive (e.g., tritiated) estradiol is plexmthepreseiJMofthettTOpunoglobulmbySttpny/o- 
added to the cytosol— or supernatant fraction-of a coccus aureus protein-A lmked to a supporting polymer; 
homogenized tissue sample, and the tritiated estradiol 65 (4) the ability of the immunoglobulin to increase the 
reversibly combines with any estradiol-receptor protein sedimentation rate of the estradiol-receptor complex; 
present in the cytosol The specimen is then subjected to and (5) the ability of the unmunoglobuhn to modify the 
low-salt, sucrose density gradient ultra-centrifugation elution characteristics of estrophilin on gel filtration. 
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Hie purified preparation of estradtoi/estrophilin Ig was prepared by iinmuniring a female goat with 
co^ex StoyJd for immunization according to the purified rabbit . imm^oglobulin (12 5 mg for primary 
SnUnv^tion b obtained by ammonium sulfate pre- injection; 5-12 mg fa : booster injections) m a manner 
SSSZjS titration, and electrophoretic separation. similar to that described for immunization of rabbits 
'^BfcS^ of the present invention comprises a 5 with E*R except that the emulsion containing the ant> 
novel immunochemical procedure for quantitative de- gen was injected spontaneously. Unless otherwise 
SnTcTtrophilin in small amounts of tissue speci- noted, phosphate buffers were prepared fro m sodium 
S^ZSm cancer tissue, through use of the salts, and all buffer^ contained 0.01% wt/vol sodmm 
^mentioned antibody preparations. More specifi- azide. ^P^ 1 ^ t^nW 8 Bu£ 

callv according to procedures of the invention specific 10 sodium chloride in 10 mM phosphate, pH 7.8. Buffers 
anti^estrophilin of the invention are cross-reacted with a using Tris (T), pH 7.4 at 2T sometimes containing po- 
preparation of body tissue such as mammary tumor tassium chloride (K) and disodmm EDTA (E), are des- 
tissue which is suspected to contain estrophilin in rela- ignated according to the ^^^^^ ^J^2 
tively large quantities. The reaction product so obtained nents; e.g. t T10K400E1.5 =10 mM Tns/400 mM KC1/1.5 
is subjected to chemical, physical or radiological exami- 15 m M EDTA. 
nation capable of quantifying the estrophilin in the sarn- EXAMPLE 1 

pie. One preferred procedure involves treatment of a ■ 
body tissue with, e.g., tritiated estradiol to form an Preparation of Purified Estradtol-Receptor- Complex 
esUadiol/estrophUin complex, followed by contact (E*R) 
with an antibody supporting or containing reagent^The 20 The ttlraa ^ 0 i. rc ceptor protein in the form of an es- 
quantity of estrophilin in the sample is determined by tradiol-receptor complex which is capable of inducing 
analysis of the immunologically-bound complex of es- format i on Q f ^ antibody having a specific reactivity 
tradiol/estrophilin/anti-estrophilin through scintulation wJth ^ estradiol-receptor protein in an immunological 
counting or the like. According to another procedure, reaction was prepared according to a modification of 
immunologically inert, but chemically or radiologically 25 ^ method of Gorell, et al„ "Purification of Nuclear 
marked, particles have surface portions sensitized with Estrogen Receptors" in Proceedings of the Fifth Interna- 
the antibody preparation and are contacted with the ^ fl/ a ^ ^ EndoC rtnology, (Excerpta Medica 
tissue sample, with estrophilin quantified on the basis of Foundatiohf Amsterdam) Vol. 1, pp. 467-472 (1977). 
agglutination phenomena. Agglutination phenomena ot otherwise noted, all procedures were carried out 

sensitized particles in contact with an estrophilin-con- 30 ^ ^ ^ Q 

taining specimen may also be monitored by other tech- A ^ u * terine homogenate in f 10 buffer was centri- 
niques (e.g., turbidometric techniques). Immunomsto- ^ ^ lQO00x& to separate the cytosol from crude 

chemical procedures involving fluorescent or peroxt- sediment ^ cytosol was treated with 30 nM 

dase coupled anti-estrophilin preparations are also made ^ & One-fifth of the sediment was washed 

available by the invention. successively with K400T 10, pH 7.9, and T10, pH 7.5, and 

. Reagents prepared according to the invention mclude ^ ^ J ended in the cytosol Aft^ incubation of the 
immunologically inert particles, surface portions ot mixture at 25° C. for 60 minutes, the nuclear 

which arc sensitized with specific antibody preparations sediment WftS collected by centrifugation, washed with 
of the invention. :„^„ t ; rtn w fll 40 Tio buffer and extracted with K400T16 buffer. The ex- 

Further aspects and advantages of the ^nventton ^wfll 40 ^0 was precipitated with ammo- 

become apparent to those skilled in the art upon consid- {30% £ saturation) and redissolvcd in 

eratioh of the following detaded description of pres- ^ T !7p H 7.5, (O.lvolume of the original extract) by 
ently preferred embodiments, thereof. gen tie homogenization followed by stirring for 20 ini- 

DET AILED DESCRIPTION . 45 nutes. After clarification by centrifugation at 98,000x g 

. . tJ ~ * ; for 60 minutes, the solution was subjected to gel filtra- 

The following desenption inc udes use of certain w * ^ ' G-200 (Regular grade, Pharmacia) in 

, serum of a nommmunized ammal _ iUustrative S precipitation with ammonium sulfate (30% of satu- 

plete and incomplete adjuvants were purchased from 60 out with a current of 3 rndhamps per gel »«ng e lec^ 
. Difco,bordetella P ertus^vaocincfromEULUly&Co., trode buffers of Tns-glycme, P H ^y^^S^Jb 
and Staphylococcus aureus protein-A bound to Se- 8.6 The receptor protein was isolated by d^thegds, 
SaroK cKfrom Pharmacia. Immunoglobulin from extracting the pooled, ge shoes wtth 10 nM sodium 
Und nonlnTuXd rabbits wL coupled to . phosphate buffer, pH 7.4 (0.1 ml £"£f ^^v£ 
C ya«iogenb ro mide^tivatedSepr^se4Bbythepro-65mg ^ { ^^ ^ ^ Q £ $ ^5%S 
cedure of Cuatrecasas, et al.. "Affinity Chrpraatogra- (R/=0.45 for 7*. gels;. R/=0.60 fo r.J % getej .we 
^PmLthodstnEnzyntology. (Academic Press, New pooled extract was dialyted agamst K,oT lo (az.de.free), 
York) Vol. 22, pp. 345-378 (1971). Antiserum to rabbit pH 7.5, and lyophiliied to dryness. 
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The product has an isoelectric point of about 6.0, ous injection of 100 ng (20,8 pCi) of E* in 0.2 ml of 
shows a single stained protein band on acrylamide gel saline. 

electrophoresis, and analytical ultracentrifugation indi- EXAMPLE 4 

cates a single ultraviolet absorbing macromolecular 

species, Hution from a calibrated Sephadex G-200 col- 5 Immunochemical Interaction Studies 

umn indicates a Stokes radius of 36.5, corresponding to For d 0UD i e antibody precipitation of the crude es- 
a molecular weight of about 66,000 daltons. tradiol-receptor complexes, a solution .'of E*R (1.0 

EXAMPLE 2 pmol), normal rabbit scrum (10 ^1), and immunized 

in rabbit serum (10 jxl) in 1.0 ml of phosphate-buffered 
Preparation of Antibodies for Estradiol Receptor w galine ^^ning 10 mM EDTA was incubated at 4* for 
Protein f our hours, after which sufficient goat antiserum against 

Antibody preparations having specific reactivity rabbit Ig was added to precipitate all the rabbit Ig. 
with estrophilin protein are obtained by immunizing Controls used 20 ftl of normal rabbit serum and no 
rabbits or like mammals with the purified E*R complex 15 immunized rabbit serum; After 16 hours the mixtures 
of Example 1 according to the procedure described by were centrifuged and the pellets were dissolved in 100 
Vaitukaitis, et al., J. Clin. Endocrinol. Metab. 33, ftl of 0. 1 MNaOH; radioactivity was measured in 10 ml 
988-991 (1971). For the primary immunization of six of scintillation mixture containing 10 mM HC1. 
month-old male New Zealand White rabbits, an emul- For immunoadsorption experiments, a solution of 0.8 
sion, prepared by homogenizing a saline solution con- 20 P mo1 of E * R or E * was incubated for four hours at 4 C 
taining 20 /ig of the E*R with an equal volume of with an agitated suspension of either Sepharose-Ig-i or 
Freund's complete adjuvant and an additional 5 mg of Sepharose-Ig-n (containing 300 /ig of protein) or of 
dried tubercle bacilli, was injected intradermal^ at Sepharose alone in a total volume of 600 pi of T10K400* 
multiple sites on the back, while 0.5 ml of bordeteUa Similarly, 0.3-pmol aliquots of E*R or E* in T10K400 
pertussis vaccine without added antigen was injected in 25 were incubated at 4* for 90 minutes with 100 jig of 
the thigh. Six booster injections were given over a pe- either Ig-i or Ig-n (or with no added immunoglobulin) 
riod of one year with an emulsion of the immunogen and then for four hours longer with an agitated suspen- 
and Freund's incomplete adjuvant; the last two booster . sion of 50 pi of Sepharose-protein-A in a final volume of 
injections, containing 20 and 50 jig of receptor, respec- 500 pi ofTioKUoo- After centrifugation, the beads were 
lively, were given about 45 days, and 15 days before 30 washed and the combined supernatant and washings 
collecting the blood from the marginal ear vein of the were assayed for radioactivity in Triton X-100 scinulla- 
rabbit A crude immunoglobulin fraction (Ig-i) was tion mixture, 
prepared from the serum by precipitation with 33% EXAMPLE 5 

saturated ammonium sulfate in 50 mM phosphate buffer, -. . , - . ■ ■■ ■ •/ " 

pH 7.4, according to the procedure of Shiu, et al., Bto- 35 Sedimentation Studies 

chem J., 157, pp. 619-625 (1976). The washed precipi- Various hormone-receptor complexes (0.05-2 pmol 
tate was redissolved in phosphate-buffered saline (or in i n 150 pl ofTiocytosbl or T10K400 nuclear extract) and 
some experiments in 20 mM phosphate, pH 7.4) and the ig.j or Ign-n (usually 200 /ig) were incubated at 4* for 
dialyzed solution, after clarification by centrifugation, 1-5 hours in a final volume of 220 pi of Tioor T10K400 
was analyzed for protein by its absorbance at 280 nm 40 depending on.the gradient to be used. A 200-pl uliquot 
and for the absence of other serum proteins by acryla- of each mixture was layered on 3.5 ml of a 10-30% 
mide gel electrophoresis; Immunoglobulin Og** 1 ), pre- sucrose gradient containing either T10K10E1.5 (low salt) 
pared similarly from serum of nonimmunized animals or T10K400E1.5 (high salt) and centrifuged at 2° for 16 
(as well as from the immunized animals before any anti- hours at 253,000 Xg. Successive 100-ul fractions were 
body titer appeared), was used as a control: 45 collected from the bottom and radioactivity was mea- 

sured in Triton X-100 scintillation mixture. In some 
EXAMPLE 3 studies bovine plasma albumin (4.6 S), bovine gamma 

Preparation of Hormone-Receptor Complexes globulin (7.0 S), jSamylase (9.2 S), and catalase (11.3 S) 

Estradiol-receptor complexes of uterine cytosols 50 were sedimented in paraUel gradients to se^^^ 
from immature calves, rats, mice, and guinea pigs were ers ; 

prepared by homogenizing the tissues in four volumes EXAMPLE 6 

ofT }0 buffer,us^^ od Fi i trati on Studies, 
efficient cooling, and making the high-speed 

supernatant fraction 20 nM in E*, after 60 minutes at 4° 55 Gel filtration studies were carried out with the calci- 

the excess E* was removed with dextran-coated char- um-stabilized form of the cytosoV estrogen receptor 

coal. A complex of human breast cancer cytosol was complex obtained by homogenizing calf uterus in 

prepared similarly except that the tumor specimen, TioEi.5 and incubating the cytosol fraction with 1 M 

. pulverized while frozen in liquid nitrogen, was homoge- KC1 and 4 mM CaCI* with or without 20 nM E*, for 60 

nized in T10 contaiuing 0.5 mM dithiothreitol, and the 60 minutes at 4 # C. After precipitation with ammonium 

cytosol fraction was made 0.5 nM in E* (108 O/mmoi) sulfate (25% of saturation) the receptor (R) or estrogen- 

without the use of charcoal. Crude nuclear complex of receptor complex (E*R) was dissolved in T10K400 and 

calf uterus was prepared by extraction of washed nu- clarified by centrifugation at 250,OOOXg for 30 minutes, 

clear sediment with T10K400 after its incubation for 60 For gel filtration experiments aliquots of E*R or R (5 
minutes at 25* with 20 nM E* in calf uterine cytosol. 65 pmol) and Ig-n or Ig-i (1.0 mg) were incubated for 60 

Rat nuclear complex was obtained by similar extraction minutes at 4* C and then filtered through Sephadex 

of the nuclear sediment from a homogenate in Tio of G-200 columns (0.9X55 cm) equilibrated in T16K400. 

immature rat uteri excised 4 hours after the subcutane- . Fractions (0.3 ml) were collected and either assayed for 
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radioactivity or Qn the case of materials derived from 
cytosol fractions not incubated with E*) treated with 
E* and then dextran coated charcoal to remove excess 
E*. The latter procedure resulted in a material then 
assayed for radioactivity. The void volume of the col- 
umn was determined with blue dextran. Bovine serum 
albumin and rabbit immunoglobulin were employed as 

markers. : . 

The results of the above-described immunochemical, 
sedimentation and gel filtration studies demonstrated 
that immunoglobulin from the serum of a rabbit immu- 
nized with purified estrogen receptor complex of calf 
uterine nuclei contains specific antibodies to the estro- 
philin receptor protein. As shown in the accompanying 
Table 1, in the presence of Ig-i, but not of Ig-n, a signifi- 
cant amount of tritiated estradiol in the form of E*R 
complex is precipitated by antiserum to rabbit gamma 
globulin or bound to Staphylococcus aureus protein-A. a 
substance that reacts specifically with the IgG type of anti- 



substance that reacts specifically with the IgU type oj ami- endometrial tumor 
body. Similarly, Ig-i linked to Sepharose binds a much 2 o cross . rea ctii 



linby Staphylococcus aureus protein-A linked toapolymer 
support e.g„ Sepharose; (A) the ability of the immuno- 
glubulin to increase the sedimentation rate of the es- 
tradiol-receptor complex; and (5) the ability of the im- 

5 munoglobulin to modify eiution characteristics of estro- 
philin on gel filtration. The antibodies cross-react with 
the nuclear receptor of calf, rabbit, sheep and rat uterus, 
as well as with the extranuclear receptor of calf, rat, 
mouse, guinea pig, sheep, and rabbit uterus. Cross-reac- 

10 tivity is also observed with nuclear receptor of MCF-7 
(human breast cell) and rat endometrial tumors as well 
as with extranuclear receptor of rat breast, human 
breast, MCF-7 breast, rat endometrial, and rat pituitary 
tumors. 

1 5 The antibodies do not react with either the nuclear or 
extranuclear dihydrotestosterone-receptor complexes 
of rat prostate or with the extrauclear progesterone- 
receptor complex of chick oviduct, rabbit uterus and rat 



greater proportion of tritiated estradiol/ estrophilin (E*R) 
complex than does Sepharose- lg-n or Sepharose alone. 

TABLE 1 

Interaction of rabbit Ig with 
• E*R complexes of calf uterus 

%E* 

precipitated or boand 



25 



Method 



Form of 
Estradiol 



Ig-i Ig-n NoIO 



Double antibody 
precipitation 

Binding to 
Sepbarose-lg 
Binding to Sepharose- 
Protein-A 



E*R nuclear 
E*R cytosol 
E* 

E»R nuclear 
E* 

E*R nuclear 
E« 



61 
56 

2 
66 

6 
70 

3 



10 
3 
2 
21 
15 
17 
5 



30 



17 
7 

30 
3 
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The cross-reactivity of the anti -estrophilin (Ig-i) with 
estrophilin from human breast cancer makes possible 
the use of simple immunoassays including radioimmu- 
noassays for the estradiol-receptor protein content of 
breast cancer tissue as a guide to endocrine therapy . 

The reaction of anti-estrophilin prepared according 
to the invention with uncomplexed receptor (R) is indi- 
cated by the ability of R to compete with E*R for a 
limiting amount of antibody. This type of analysis re- 
vealed that, whether complexed with estradiol or not, 
calcium-stabilized estrophilin from calf uterine cytosol 
shows essentially identical competition with radioactive 
cytosol receptor complex for the antibody, although 
somewhat less than that shown by receptor from rat 
endometrial tumor. On the basis of this finding, a simple 
immunoassay for estrophilin in extracts of tissue homo- 
genates is available— limited only by the relatively low 
radioactivity of the tritiated estradiol marker. Some 
increase in sensitivity may be gained through use of 



From sedimentation studies, it was found that addi- 
tion of Ig-i, but not of Ig-n, causes an increase in the 

sedimentation velocity of the purified 4.8 S E*R com- ^ ^ ^ _ 

plex used as the antigen in the immunization. • hexatritiated estradiol and* of course, radiodhiated re- 
Sedimentation patterns reveal that the above- 40 onA /rxf on t4v, n Hv wnnlH he most useful in such an 
described antibody preparation derived through use of 
estrophilin from calf uterus is cross reactive with estro- 
gen receptor complexes from rat, mouse, and guinea pig ^ ^ 

uteri and from human breast cancer. Significantly, how- _ | io *~of™ sei ^"of "an animal immunized with purified 
ever, the failure of the anti-estrophilin preparations to « estrophilin estradiol complex is employed, with or with- 

react with the dihydrotestosterone-receptor of rat pros- A 4 , * ^ n — nAn . m ^f;r pntihnHi« in 

tate or the progesterone receptor of chick oviduct, 
shows a specificity of the antibody for estrophilin pro- 
tein 



IlCAtLlllliaibU wuouwi wiw| • ~ 

ceptor and/or antibody would be most useful in such an 

assft y- . . , . . • , 

According to the invention novel immunological 
reagents are provided when the immunoglobulin frac- 
tion of serum of an animal immunized with purified 
estrophilin estradiol complex is employed, with or with- 
out prior treatment to remove non-specific antibodies in 
the immunoglobulin, to sensitize immunologically inert 
particulate materials such as stabilized erythrocytes 



l ~ ■ • J. *c a *u ♦ T„ i k„* T«rn 50 (e.g.. prepared according to the procedures of U.S. Pat 
Gel filtration studies verified that Ig-i but not Ig-n 50- 1 *. P p «5 3 o 2 4.541), bentonite, 



reacts with both the E*R and R forms of estrogen re- 
ceptors as demonstrated by a shift of eiution to the void 
volume on the column (Sephadex G-200). For the un- 
complexed receptor, the eluted R/IG-i complex could 
be labelled with E» to form E*/R/Ig-i, demonstrating 55 
that the complexing of the estradiol hormone with the 
receptor does not block the binding site of estrophilin. 

In sum, immunoglobulin obtained from the serum of 
rabbits immunized with a highly purified preparation of 



Nos. 3,714,345; 3,715,427; and/or 3,924,541), bentonite, 
collodium, crystalline cholesterol, quartz, synthetic 
resins, various kinds of synthetic latex (see, e.g., U.S. 
Pat. No. 3,551,555), or liposomes prepared from phos- 
pholipids and sterols including radioactive, material- 
containing or free radical-containing liposomes. Such 
sensitized particles are useful when employed in direct 
agglutination assays wherein estrophilin or estrophilin 
radioisotopic estradiol complex in a tissue, sample will 



rabbits immunized witn a nigmy punuea preparation w * "~ " — V \- „c *u« ' 

E*R complex from calf uterine nuclei is shown to con- 60 be bound to and effect agglutmaUon 0 f the parteles. 

C Rvwiupiwuy • /t\ „n^,M«rr ^tintitifir^t on «f the comolex bv standard 



tain specific antibodies to estrophilin by five criteria: (I) 
precipitation of the radioactive steroid upon addition of 
goat antibody against rabbit immunoglobulin to a mix- 
ture of the tritiated estradiol-receptor complex and the 
immunoglobulin, (2) adsorption of the estradioi-recep- 65 
tor complex by the immunoglobulin linked to a polymer 
support, e.g., Sepharose, (3) adsorption of the estradiol- 
receptor complex in the presence of the immunoglubu- 



allowing quantification of the complex by standard 
radioimmunoassay techniques. Alternatively, when 
antibody, materials are employed to sensitize radioactive 
material or free radical-containing particles, estrophilin 
content of a tissue sample homogenizate may be deter- 
mined by adding such particles to the sample, with- 
drawing particles agglutinated by the estrophilin and 
"counting" the particles as aggregated. Further, tech- 



4,232,001 



10 



10 



15 



niqucs using radiochemically-labelled, or enzyme- 
linked, or otherwise detectable anti-estrophilin may 
provide the basis for estrophilin assays that do not de- 
tect the complex formed by binding with estradiol (E*). 
Substantial advantages are expected to accompany 
procedures which are independent of the reversible 
binding of estrophilin in the sample to radioactive estra- 
diol. In particular, such procedures should be able to 
detect the amount of free estrophilin as well as estrophi- 
lin already associated with non-radioactive, endogene- 
ous estradiol. 

In one. such further application, anti-estrophilin pro- 
vides the basis for a specific immunohistochemical pro- 
cedure for the detection and quantification of estrogen 
receptor in pathologic sections of cancer tissue. Such 
sections are incubated with solutions of the antibody 
and, after washing with buffer, incubated either with 
fluorescent-labelled second antibody (to the immuno- 
globulin) or with peroxidase-antiperoxidase-complexed 
second antibody. After further washing, the sections are 20 
examined for the presence of estrophilin by fluorescent 
microscopy, or after peroxidase staining, by light mi- 
croscopy. This technique allows the detection of estro- 
philin in tissue sections carried out in the same surgicial 
pahological laboratory where the cancer diagnosis is 25 
made. 

Numerous modifications and variations of the inven- 
tion are expected to occur to those skilled in the art 
upon consideration of the foregoing detailed descrip- 
tion. While the above-described preferred embodiment 
of procedures for preparing and isolating anti-estrophi- 
lin represents the best mode presently available for 
effecting isolation of the antibody substances in their 
purest form, other techniques are certainly within the 
contemplation of the invention. As one example, lymph 
node cells from rabbits immunized with the purified 
E*R complex may be fused with mouse myeloma cells 
in the presence of polyethylene glycol, generally ac- 
cording to the technique of Milstein [Kohler and Mil 
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Furthermore, since tumor components or their partial 
degradation components are often released into the 
blood, an assay for immunoreactive fragments of estro- 
philin in the sera of patients with (or suspected of hav- 
ing) an estrophilin-containing cancer , could provide a 
means for early diagnosis of metastatic disease. 

Consequently, only such limitations as appear in the 
appended claims should be placed upon the invention as 
above described. 

What is claimed is: 

1. A specific, immunologically active anti-estrophilin 
antibody obtained as a serum immunoglobulin .compo- 
nent from an animal immunized with estrophilin, and 
characterized by its donation to the immunoglobulin of 
the following properties; 

(t) the ability to precipitate estrophilin from a mix- 
ture of estrophilin and said immunoglobulin uppn 
addition of heterologous species antibodies to the 
immunoglobulin of the serum donor species; 

(2) the ability to mediate rapid absorption of estrophi- 
lin from a fluid by support polymer when said 
immunoglobulin is linked to the support polymer; 

(3) the ability of said immunoglobulin to mediate 
absorption of estrophilin from a fluid by S. aureus 
protein-A linked to a support polymer; 

(4) the ability of said immunoglobulin to increase the 
sedimentation rate of estrophilin; and, 

(5) the ability of said immunoglobulin to modify elu- 
tion characteristics of estrophilin on gel filtration. 

2. An immunological reagent comprising the anti- 
estrophilin antibody of claim 1 in combination with a 
radiologically detectable marker substance. 

3. The reagent of claim 2 wherein the marker sub- 
stance is tritiated estradiol. 

4. An immunological reagent comprising the anti- 
estrophilin antibody of claim 1 and a plurality of immu- 
nologically inert particles, said substance providing an 
immunologically sensitive surface on said particles. 

5. An immunological assay for estrophilin in a tissue 



stein, 256, 495-497 (1975)] The surviving hybrids would 40 sample said assay comprising contacting said sample 



then be screened by selective cloning to obtain only 
cells which produce the anti-estrophilin antibody sub- 
stance. The cell line(s) so obtained would be grown in 
suspension culture to provide substantial quantities of 
anti-estrophilin which, when separated from contami- *5 
nating myeloma antibody by immuno-absorption, may 
be employed as noted above in immunoassay techniques 
for quantitative detection of estrophilin in a tissue sam- 
ple. 

The availability of monospecific anti-estrophilin pro- 50 
vided by the invention is expected to make possible 
further developments is diagnosis of breast cancer and 
other cancer tissues which contain estrophilin. Linkage 
of an isotope, (e.g., Iodine) or other radiologically de- 
tectable moiety to the specific anti-estrophilin would 55 
provide a basis for a new diagnostic scanning technique. 
After administration to a patient having an estrophilin- 
rich primary tumor, such a reagent has the potential to 
concentrate in a metastatic tumor site also containing 
estrophilin, causing metastases to be evident on an ap- 60 
propriate radiologic body scan; 



with the reagent of claim 4 and quantitatively detecting 
the presence of estrophilin by monitoring agglutination 
behavior of said reagent particles. 

6. An assay according to claim 5 wherein said tissue 
sample is a human breast cancer tissue sample. 

7. The method for obtaining serum imraunoglobin 
containing a specific anti-estrophilin antibody, said 
method comprising the steps of: 

preparing a purified complex of radioisotopic estra- 
diol and estrophilin by incubating estrophilin-con- 
taining tissue in the presence of radioisotopic estra- 
diol and isolating the complex from said incubate 
by precipitation, gel filtration and electrophoresis; 

inoculating an immunologically active animal with 
said complex and, 

isolating serum irnmunoglobin from said animal. 

8. Anti-estrophilin antibody raised in tissue of animal 

origin against estrophilin of animal origin, said antibody 

characterized by being immunologically reactive with 

estrophilin of human breast cancer tissue. 

* * * * ♦ 
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Tuaor InfUm* tory retpon.e Induced by i-mmU«tioa with 
Sogoua -LnoL cell, conjug.t.d to d l«lt roph.no l(DKP). 
D. Berd, M.J. Ma.tnngelo, C. Green. C. Clark, and E. Hart. 
Thou* Jefferion Dolvr.ity. Philadelphia. PA 19107. 

Treatment of .elan<ma patient, vith an autolocona 
vaccine preceded by low do.e cyciopho.ph«lde (CT) 
induces deiayed-type hyperaenaltlvlty (DTH) to melanoma 
eel?" and in .ooTca—. regrea.lon of -jaatatlc «... 
Hov t we are atte-ptlng to Increa.e the efficiency of the 
process by Immunizing with tumor celii conjugated to the 
hapten, DNP. Patients with metastatic melanoma were 
sensitized to DNP by topical application of dlnltrochloro- 
benzene (DKCB). Two weeks later, they were Injected with 
a vaccine consisting of 10-25x10(6) autologous, irraofted 
melanoma cells conjugated to DNP and mixed with BCG. 
CY 300 mg/M* IV was given 3 days before DHCB or vaccine. 
Of 4 patients evaluable so far, 3 have developed a striking 
inflammatory response In tumor masses after 2 vaccine 
treatments . (6 weeks). Patient #1 developed erythema and 
swelling In the >50 large (1-3 cm) dermal metaata.es on 
her leg and lower abdomen, followed by ulceration and 
drainage of necrotic material, and some •" jL b *« 1 " n ^8 to 
regress. Biopsy showed infiltration with CD4+ and CD8+ 
T lymphocytes. Patient #2 developed erythema and swelling 
In the skin of her lower abdomen and groin overlying large 
(8 cm) nodal masses. These have not yet regressed, but 
have changed In consistency from rock-hard to fluctuant. 
Patient M exhibited moderate erythema In the skin over- 
lying subcutaneous metastases. All 3 patients have 
developed DTH to both DNCB and to DHP-conju gated autologous 
lymphocytes. Although these results are preliminary, they 
suggest that this new strategy may represent a algnlflcant 
advance in the immunotherapy of human melanoma. 
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Ant i-idio type monoclonal antibody Immunization tUerapy off 
cutaneoun T cell lymphoma* Cbagterjeo. M« 9 Foon. K«, Soon 
B.lt*. Bar con, M. and Kofeler. H* , Ronwell Park Meat. In*t:{& 
Buffalo. MY U263, end UCSD, San Diego, CA 92161. ~ ^ 
Cutaneouft T cell, lymphoma (CTCL) la an Indolent : ^$Jl 
non-Hod gkin'n lymphoma which 1a not cured by standard «Cf| 
therapies once It reach e* advanced stage. A novel approadn 
to therapy 1. to une Internal Image antiidiotype (Id) mAhtA 
en antigen (Ag) substitute for the Induction of Immunlty^aiJ 
We have generated anti-Id aAb (Ab2) binding to a hybrido**^ 
SN2 (Abl), which recognizee a unique glycoprotein, gp37", s«J 
expressed by a subnet of human leukemic T cell. (J* Immunol^ 
139:1354. 19B7). At leant 2 of these Ab2 may indeed carry'U 
the Internal image of the gp37 Ag (J. Immunol. 141:1398, o& 
1988). Recently, we investigated the distribution of gp37V^ 
Ag by a sensitive lsmunoperoxldaae staining method using mAb 
SN2. SH2 had a high specificity for T-leukenia/lymphoma 
cells and did not react with any normal adult tissues tested 
including thymus, lymphocytes, bone marrow cells, spleen, 3*5 
liver, kidney, lung, brain, heart, etc. CTCL cells from 5^ 
out of 6 patients were strongly positive for gp37 Ag with »^ 
Intense surface membrane staining. The binding of :J1 *«3( 
radiolabeled SN2 to CTCL cells was studied for Inhibition^ 
the presence of the anti-Id mAbs 4EA2 and 4DC6 which mlmleo* 
the gp37 Ag*. Both clones Inhibited the binding 100Z and SOX 
respectively at a concentration of 50 ng. We also generated 
a murine Ab3 mAb (antl-antl-Id) by immunlxlng mice with then 
anti-Id mAb (Ab2). This Ab3 mAb reacts with CTCL cells ingj 
an identical fashion as the original Abl (SH2). - • ^J^J 

Collectively, these data suggest that Ab2 4EA2 and 4DC6 maje 
be useful for active Immunotherapy of CTCL patients. :We*^*^ 
plan to study the CTCL patient. In a phase I clinical trial: 5 
to determine the effects of thl. type of therapy on various** 
component, of the Immune system (both humoral and cellular)** 
and try to identify the criteria to select patient, who ■ay-* 
benefit from ant l*ldlo type vaccine therapy. - ::3< ijM 
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Inhibition of Tumox-Indoced ^viT^nnT J**V**7t* ^ 
Activity by Marine Interferon let* (OT-B). Deepak M. 
Saha.r.budhe, university of Rochester Cancer Center, 
Rochester, NY, 14642 

In some tumor model. Inhibition of Ta-activlty la a pre- 
requisite to successful Immunotherapy. Baaed on our data 
L the DNFB model (J Kxp Med 166.1573. 1987 the effect 
of IFH-B on P815 ma. tocy torn.- induced T.-actlvity wa« 

™\Ttlt «>dei, concomitant antitu~r i-mity (Tc) peak, 
by Day 10 and 1. down regulated by Ta by Day 15. Cyto- 
toxicity generated after a mixed lymphocyte tu~r culture 
(MLTC) correlate, with In vivo Immunity and expression of 
cytotoxicity correlate, with In vivo T *" ac **I 1 2* 

Tumor, were initiated by injecting 2 x " 6 "11. 
subcutaneou.ly on Day 1. IFN-B (100. 1000U. 5000U) or 
buffer were injected i.v. every other day x . Jose, start 
ing on Day 5. On Day 16, MLTC*. were set up. Five days , 
later a cytotoxicity assay was performed against 51Cr 
labelled P815 cella. X specific lysis la shown. Kumber. 
in parenthesis represent the dose of IFH-B. 



EtT 


Tc 
♦ 

Tc Naive 


Tc 

Ts +Ts 


Tc 

Ts +Ts 

(10) (10) 


Tc 

Ts +Ts 

(1000M1000) 


Tc 

Te +Ts 

(SOOO)(5000) 


50.1 
25il 
12il 
6.1 
3.1 


88 81 
84 76 
78 79 
70 69 
56 55 


0 19 

0 12 
2 15 

1 7 
0 8 


6 22 

2 21 

3 24 

0 9 

1 13 


23 20 
1 21 
6 23 
0 20 
0 12 


81 84 
63 75 
58 81 
38 64 
21 48 



Treatment with IFH-B 5000U every other day x 6 dosea 
abrogated Ta-actlvity without adversely affecting 
cytotoxicity. IFN-B may be a useful adjunct In the 
immunotherapy of selected tumors. 
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Syngeneic murine monoclonal antiidiotypes bearing the internal^ 
image of a human breast cancer associated antigen. J* Schraitt - 
and H. Ozer. The Dept. of Microbiology, S.U.N.Y. at Buffalo^ 
Buffalo, NY 14214 and the Division of Medical Oncology, The ~g 
Univ. of North Carolina at Chapel Hill, Chapel Hill, NC 27599. ' ' 



According to Jerne's network theory, some antiidiotypes. ^ 
iaozi mimic external antigens recognized by specific antibodies. ^ 
(Abl) and may be used in place of antigen for immunization. The } 
murine monoclonal antibody F36/22 (IgG3, *). spedOc for ductal t ; 
carcinoma antigen (DCA) was used to generate syngeneic^ 
monoclonal antiidiotypes bearing the internal image of uCA^ 
Female BALB/c mice were inoculated intraperitoneally every. ^ 
other week with 100 «g of F36/22 coupled to keyhole hrapet^ 
hemocyanin; the first time in complete Freund's adjuvant and. ^ 
subsequently in incomplete adjuvant Splenic lymphocytes were*^ 
fused with the murine ceil Une P3X63 Ag8.653 3 days after Jhe , 
fourth immunization using 50% polyethylene glycol (r. w. ZZ-~h , v 
Two hybrids, MTO-1 and MTO-2, were selected based on tte 
ability of culture supernatants to bind to F36/22 but not to the- 
control antibody 2A31F6 (IgG3, *) in an enzyme, linked. n ( 
immunosorbent assay fEUSA) and cloned by limiting ditauoii^ 
Paratope specificity of Ab2 was demonstrated in two EUSA aJ 
assays. First, the binding of labeled F36/22 to DCA was inhibited, , 
100% and 75% by L6 *g of MTO-2 and MTO-1 respectively., t 
Second, the binding of labeled Ab2 to Abl was inhibited by. u 
purified DCA. MTO-l neither enhances nor inhibits the binding u 
of labeled MTO-2 to Abl although in the presence of MTO-2,^ 
binding of labeled MTO-1 is enhanced by 100% indicating that u 
these Ab2 recognize distinct id io topes. Rabbits immunized W* 
weekly with MTO-1 or MTO-2 developed antibodies that bound 
specifically to DCA demonstrating that MTO-1 and MTO-2 bear 
the internal image of DCA. These data suggest that MTO-1 and 
MTO-2 could potentially be utilized to immunize high rtsK 
patients against progression or development of DCA positive 
tumors. 
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""lymphocyte Transformation in Contact Sensitivity 7 0 

A F Geczy and A. Baumgarten 

AM MM» * *" S "" k Syi ""' AUS " dia 

{Received 3rd March 1969) 

summary . Leucocyte ^-Si^ SSfZSS 

Spared from the peripheral blood of u-e™ ^ The lymphocytes were 
'previously sensitized with -ch loro-2 ,4dm it Transformed cells (8-22 per 

Sinitrophenylated ^^^^^ke of tritiated thymidine were ob- 
cent) and an increased (100-1000 told) up aium als. Smaller numbers 

erv d only in cultures of l >^P ho ^ r ^JdTX a few cultures of sensitive 
of transformed cells (1-2 per cent) ^^'^autotogou. erythrocytes or 
^monocytes incubated with ^ ^^^Soforiiiation may specifically 
SS Svniphocytes from sensitized donor, 

INTRODUCTION 

, li 1 fluoro-2 4-dinitrobenzene (DNCB 

Halogenateddinitrobenzenessuchas l-chloro- and^ - ^ h en sitivity (Bloom 
and DNFB respectively) are commonly med to el c ^ ^ ceg 

, nd Chase, 1967; Turk, 1967) The dennal s cifica ll y sensitive ceUs 

nsitized animals may result from an ^ te ^° n which act ^ an tigens (Eisen and 
3 dinitrophenylated acellular shncom^ n* wh ^ hal ted dilut ro- 

Tabachnick, 1958). However it is poaab ettaMhe ^ lymphocy tes and 

benzenes (Eisen, Orris and Belman, ^"^^ substances such as the macrophage 
subsequently initiate the : ^J^J^^^Thomu, 1964; Bloom and Bennett 
inhibiting factor (Dav id, .^"^J^Srrf WUloughby, Boughton, Spector and 
1966) and the lymph node permeability ta ctor * transformation m 

Schild (1962). Since ^ ^^^^^^1 1963), a method .» 

s t ^^ that DNFB can act on 

lymphocytes in «w>. . snecific (Gell and Wolstencroft, 1967) 

■Furthermore, if delayed J^^"£^^3 ^itrophenylated lymphocytes 
the complete antigen whic ^ m . d ^.^^ 

should contain a moiety "^^gffi by acellular constituents o the to. 
an identical molecular ^^^^^^^^ antigen which initially induces 
Forthe^rea^,it^ne^»^W^' i ym phocytes formed during the 

as ^r, ,i«5«pS;^- *• — ion of """" 

dinitrophenylated lymphocytes. 
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A. F. Geczy and A. Baumgarten 
MATERIALS AND METHODS 



Preparation of DNFB solutions 

For conjugation with lymphocytes, erythrocytes and serum proteins, a stock solution 
of DNFB (Fluka A. G., Buchs, S. G.) was prepared by dissolving approximately 300 j/g 
DNFB per ml in 0-2 m (pH 8*5) phosphate buffer at 60°. The actual concentration of 
DNFB in the buffer was determined spectrophotometrically. 

For conjugation with bovine serum albumin (BSA; Commonwealth Serum Laboratories, 
Melbourne, Vic.) a DNFB solution was prepared in 0*2 m citrate-phosphate-borate 
buffer (Teorell and Stenhagen, 1938) at the appropriate pH. 



Preparation of DNCB solutions 

For sensitization, a stock solution of DNCB (British Drug Houses, England) in distilled 
water was prepared by dissolving approximately 300 fig DNCB per ml and the concentra- 
tion of DNCB then adjusted to 40 //g/ml under spectrophotometric control. For testing, a 
stock solution of DNCB was prepared by dissolving a known quantity of DNCB in olive 
oil B.P. (N.S.W. Government Stores). The stock solution was diluted as required with a 
1 : 9 mixture of olive oil and petroleum ether (B.P. 60°-80°, A.R. grade, B.D.H.). 

Protein determinations were done according to the method of Lowry, Rosebrough, Fan* 
and Randall (1951), using BSA as the standard. 

Sensitization and skin testing 

Outbred albino female guinea-pigs (600-800 g) were sensitized and tested according to 
Baumgarten and Wilhelm (1969). Briefly, the animals were sensitized by multiple in- 
jections of 40 /ig DNCB in the nuchal skin. Eleven to 14 days after sensitization, skin test- 
ing was done by applying 20 /il DNCB solution (0*03, 0*1, 0*3 and 1-0 per cent) to each of 
eight randomly distributed sites on the closely shaved dorsal skin of the trunk using 
Hamilton 250 /il syringes (New Jersey, U.S.A.) fitted with blunted 26 G hypodermic 
needles. The solution was spread with a rounded glass rod in the direction of hair growth 
over a 1*5-2-0 cm 2 area. The lesions were examined after 20-24 hours for the presence of 
erythema; the animals were subsequendy given intravenous Evans blue (1-2 ml/kg body 
weight, as a solution containing 25 mg dye per ml of 0-45 per cent saline) to demonstrate 
the development of increased vascular permeability (Voisin and Toullet, 1960). 

Preparation of lymphocytes 

Blood was usually obtained from guinea-pigs by cardiac puncture, occasionally by 
severing the jugular vein. It was placed in sterile bottles (containing 10-15 glass beads 
3-5 mm diameter), defibrinated by gende shaking for 5-10 minutes and transferred into 
fresh botdes. To each millilitre of blood was added 0*3 ml of 1 per cent methyl cellulose 
(U.S.P. Grade, Dow Chemicals Co.) solution in 0-2 m phosphate buffer, pH 7-2. After 
mixing by inversion, the blood was allowed to sediment for 45 minutes at 37°. The upper- 
most two-thirds of the top (leucocyte-rich) layer was removed and centrifuged at 400 £ for 
5 minutes. The supernatant was then separated and the cells washed twice with Hanks's 
solution (C.S.L., Melbourne, Vic). After further processing as described below, the cells 
were suspended in a culture medium (Medium 199; C.S.L., Melbourne, Vic, with 20-40 
per cent guinea-pig serum). 
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u, a t-killed lymphocvtes were prepared by incubating 1 ml suspension containing 0-6- 
H m* lymphocytes in Hanks's solution at 56° for 30 minutes. Cell death was ascertained 
•'I cosin technique, i.e. by incubating the cells for 5-10 minutes in 0-5 per cent solution 
• osin B (Matheson, Coleman and Bell, New Jersey, U.S.A.) in saline, and counting a 
^of 200-300 eosin-stained and unstained cells from each preparation (Hanks and 
Slace, 1958). 

?M !^^lSpi^^d intraperitoneal^ with 20 ml Hanks's solution and then 
led The peritoneal cavities were opened and the fluid was aspirated and ccntnfuged 
•200 g for 10 minutes. The pellet of cells from each animal was washed twice with 

Hanks's solution and then suspended in culture medium. 

Tardt^S 

„,e upper two-thirds of the leucocyte-enriched layer were then discarded while the lower 
2d Es centrifuged at 200 g for 1 0 minutes. The cells in the resulting pellet were washed 
.'rice with Hanks's solution and suspended m culture medium. 

''TotTwhite cell counts were done in Neubauer counting chambers using 2 per cent 
lQ ueous acetic acid as diluent. Differential counts were performed on smears prepared 
S, pellets obtained by centrifuging the cell suspension and stained with May-Grunwald- 

G The a percentage of transformed cells was determined by counting at least 300 cells from 
each preparation using the longitudinal method of Dacie and Lewis (1963). 

'Xfto^nTsLm^min (BSA). Two cuvettes (in the same light path) were placed in the 
X nee and two in the 'test compartment of a Unicam S.P 800 B spectrophotometer 
O e cuvette in each compartment contained BSA (20 mg/ml) and the other DNFB 
>0 ffi/ml), both in buffer at the appropriate pH. After equilibration for 5 minutes the 
Nations in the test compartment were mixed to give an effective concentration of 10 
me/ml and 10 /ig/ml for BSA and DNFB, respectively; the cuvettes were then replaced 
Z reaction wf followed for 72 hours at 325 mp, since it had been previously found that 
„ this wavelength there was a maximal difference between the absorbance of BSA and 
DVFB and the DNFB-BSA conjugate. The pH of the reaction mixture was then lowered 
,o about 3 with 2n hydrochloric acid. An equivalent volume of distilled water was added 

he r fer^ce cells'to obtain a corresponding dilution of DNFB and BSA. The optical 
density of the reaction mixture was then again determined. This Procedure was adopted 
,o measure any absorbance due to a coloured compound (presumably 2,4-d.nitrophenol , 
DNP) which slowly formed on standing in alkaline DNFB solutions. 

(b) Lymphocytes. In preliminary experiments 10' twice washed leucocytes were ."abated 
wi h 0-100 /ig/ml concentrations of DNFB in phosphate buffer pH 8-5 for periods up to 
10 hours.-In subsequent experiments the lymphocyte pellet was reconstituted m a solution 

DNFB (10 „g/ml) in thephosphate buffer. The volume of the DNFB solution was ad- 

sted to give a fina concentration of about 10 6 cells/ml. After 30 minutes incubation, the 



192 



A. F. Geczy and A. Baumgarlen 



suspension was reduced to pH approximately 6-3 by gassing with carbon dioxide, centri- 
fuged at 200 g for 5 minutes, the supernatant removed, the cells washed thrice with Hanks > 
solution and then suspended in culture medium. Control cultures of unconjugated lym- 
phocytes were treated in a similar fashion, except that the cells were not incubated with 
DNFB. 

(c) Erythrocytes. Erythrocytes obtained from the residual defibrinated and sedimented 
blood by centrifugation for 10 minutes at 200 £ were washed twice with Hanks's solution 
and conjugated with DNFB as described above for lymphocytes. 

(d) Serum proteins. Autologous serum proteins were conjugated with DNFB by mixinc 
equal portions of serum (obtained from centrifuged blood) with DNFB solution (contain- 
ing 10 fig DNFB per ml) and incubating the mixture at 37° for 30 minutes. 

Preparation of mixed cultures 

Unconjugated live lymphocytes (0-6-1 3 x 10 6 ) were mixed with either an approxi- 
mately equal number of autologous: (1) conjugated heat-killed lymphocytes, (2) un- 
conjugated heat-killed lymphocytes, (3) conjugated erythrocytes, or with 2 ml autologous 
conjugated serum protein solution. A fifth set of mixed cultures was prepared by mixing 
0*6-0-8xl0 6 conjugated live lymphocytes with a similar number of autologous uncon- 
jugated heat-killed lymphocytes. 

Carbon studies 

A carbon suspension was prepared by diluting 'Pelikan' ink (Batch No. G 1 1 / 1 43 1 a 
Gunther Wagner Werke, West Germany) in proportion 1 : 5 with Hanks's solution. 
Approximately 0-05 ml of the carbon suspension was added to: (1), 3 ml of each peritoneal 
cell preparation (10 6 cells/ml); (2), 1 ml of each blood macrophage preparation (10** 
leucocytes/ml); (3), 1 ml of each lymphocyte preparation (0*5x 10 6 lymphocytes/ml. 
The cells were incubated with carbon at 37° for 2 hours, then centrifuged and washed 
3 or 4 times with Hanks's solution. After the last centrifugation the cells were spread on 
microscope slides and stained with May-Grunwald-Giemsa. 

Uptake of tritiated thymidine 

Thymidine-6-T(n) (Radiochemical Centre, England) was used in amounts of 2 uC\ 
per 10 6 lymphocytes. In the first experiment duplicate cultures of conjugated live lympho- 
cytes from two sensitized and two unsensitized guinea-pigs were incubated with thymidine 
for 5 days. Each day the cultures were sampled and the uptake of thymidine was deter- 
mined. In the second experiment portions of 3-day duplicate cultures of conjugated lym- 
phocytes from two sensitized guinea-pigs were pulsed with thymidine for 1, 2, 4 or 6 hours. 

In the third experiment duplicate cultures of conjugated lymphocytes were prepared 
from four sensitized-guinea-pigs. Portions of 3-day cultures were pulsed with thymidine 
for 2 hours. The remainder of each culture was incubated for a further 2 days and the per- 
centage of transformed cells then determined. In the fourth experiment duplicate cultures 
were prepared of both conjugated and unconjugated lymphocytes from twelve sensitized 
and twelve unsensitized guinea-pigs. From a further seven sensitized animals were esta- 
blished: (1), seven mixed cultures of unconjugated live lymphocytes and autologous con- 
jugated erythrocytes; (2), five cultures of conjugated live lymphocytes; (3), five mixed 
cultures of unconjugated live lymphocytes and autologous conjugated serum proteins: 
(4), four mixed cultures of unconjugated live lymphocytes and autologous conjugated 
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heat-killed lymphocytes. All cultures were pulsed with thymidine for 2 hours on the 3rd 
dav of incubatfon. After incubation for the stated periods, the cells were washed thnce 
Han^s solution and then prepared for liquid scintillation countmg (Tn-Carb, 
Packard) according to the method of Mahin and Lofberg (1967). 

A T£™ P ol> conjugated lymphocytes were prepared from the cardiac blood of four sen- 
*£2 ^ntpiis Ld unconjugated lymphocytes from the blood of- two 
animals' Subsequently, 0-5x10' unconjugated lymphocytes were incubated ™* 2£J 
tritiated thymidine for 16 hours. Portions containing approximately 0-5x 10 conjuga ted 
lymphocytes from cultures aged 0, 3 or 5 days were also incubated with 2 ,,<* tntiated 
thymidine for 16 hours. After incubation the cells were washed thrice with . Hanks s 
solution, centrifuged and spread on microscope slides. The slides were coated with NTB2 
autoradiographic emulsion (Eastman-Kodak, U.S.A.), exposed for o days, developed and 
then stained with May-Grunwald-Giemsa. 



RESULTS 

CONJUGATION OF 1-FLUORO-2.4-DINITROBENZENE (DNFB) WITH BOVINE SERUM ALBUMIN 

J (BSA) 

The conjugation of DNFB with protein is known to occur rapidly at alkaline pH values 
fFisen, Orris and Belman, 1952). The extent of conjugation of DNFB with P™ 1 ™™™ 
ranee suitable for use with living cells in vitro was ascertained using BSA. BbA was 
u.osen for convenience, because light scattering of cell suspensions rendered them un- 
suitable for direct spectrophotometric measurement of DNFB conjugation. The react on 
rates of BSA with DNFB at different pH values are illustrated m Fig. 1. It is noteworthy 
that appreciable conjugation occurs even at pH 5-5. 

During this investigation a yellow colour, probably due to 2,4-dimtrophenol was found 
to develop gradually in alkaline DNFB solutions standing for several weeks. This colour 
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Fig. 1. The effect of pH on the rate of conjugation of l-nuoro-2,4-dinitrobcnzene with bovine serum 

albumin. 



A F. Geczv and A. Baumgarten 

Appeared a, about pH 3, unHWe ^^^t^*^^°^ 
aJrbance of the ~™^^SS^X acid, absorbance was similar a, 
(see Fig. 1 and at pH 3. Alter correc "° . , h vellow co lour was not sufficiently 
both pH values, suggesung that the formation ol the >euo ^ ^ ^ 

rapid to interfere appreciably with the measurements ecorded Qut M pH 

results with BSA (Fig. 1) conjugation of DNFB with ming 
8-5 for 30 minutes. 

CONJUGATION OF DNFB WITH LEUCOCYTES 

Mtafc-y -perils showed P£™ * \^Z ? ^Z^S:i 
contained no more eosm- S ta,ned Jnon-uabk) leucocyte M f<>r ^ 

-rit^rrprpronlf^^ „d ,He -« -oer o W .c S 
contained approximately 3-3 mg protein. 

DIFFERENTIAL COUNT 

Differentia, counts of leucocyte suspensions 

and white cells. 

TOTAL CELL COUNT 

The total cell count decreased b y up to 30 per cent b y the 

diminished no further m the * ubse S U ^^ 

the counts of conjugated lymphocytes and ^^^^ fdl t0 abo ut 50 per cent ol 
cytes (both from sensitized donors) which, on the ?>tn aay, 
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sensitized donors 

Conjugated red cells 

sensitized donors 
Conjugated serum proteins 

sensitized donors 
Unconjugated lymphocytes 

unsensitized donors 

sensitized donors 



14§ 
2 

25J§ 
2 

i7i§ 

2 
4 
14 
4 



A 
H* 
A 
Ht 



Ht 
A 
A 
H* 



1-2-2-0 (1-6) 
1-9 (1-9) 

0- 8-2-0 (1-3) 

1- 8,2-0 (1*9) 

0-8-1-3 (0-9) 

0- 8-1-3 (1-0) 

2- 0 (2-0) 
11-2-0 (1-5) 

1- 1-1-8 (1-3) 
1-2-1-8 (1-5) 



1-1-1-4 (1-3) 
16, 1-7 (1-65) 

0- 7-1-4 (0-9) 

1- 6, 1-7 (1-65) 

0-8-1-1 (0-9) 

0- 6-1-2 (0-9) 

1- 5,1*7(1-6) 
0*9-1-6 (1-2) 
1-0-1-5 (0-9) 
1-0-1-6 (1-2) 



1-1-1-5(1-3) 
1-6 (1-6) 
0*3-1-1 (0-4) 
1-7, 1-8 (1-75) 

0- 4-O-6 (0-5) 
0 . 7-0-9 (0-8) 

1- 4, 1-7 d-55) 
1-3-1-8 (1-5) 

0- 9-1-4 (1-1) 

1- 2-1 -4 (1-3) 
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Table 1). 

VIABLE CELL COUNT 

On the day of coliection (0 day) 77-100 per cent ~ 
5th Say of culture, the viability k decreased to ^ ^ « culture to culture (Table 2) 
pectively. The percentage of v.able cells varied widely ^ be di d . In 

fnd no special trends of either decreed or c ™*£ e J the decre ase in the per- 
'^xed cultures of live and ^J^^^SX^ 20^0 per cent on the 3rd or 5th 

— S ^ ^ ,ymPhOCyteS " 

Table 2 

Effect of culture on viable cell count 



; usually 
ms were 
erythro- 
r cent ol 




-7 (1*55) 
•8 (1-5) 
•4 I'M) 
•4 (1*3) 



ea-pigs 



these am"' 1 




Conjugated lymphocytes 
unsensitized donors 

sensitized donors 

Conjugated red cells 

sensitized donors 
Conjugated serum proteins 

sensitized donors 
Unconjugated lymphocytes 

unsensitized donors 



14§ 
2 

25t§ 
2 

17t§ 
17t§ 



14 



H* 

A 
Ht 



Ht 
A 
H* 



95-100 (96) 
96, 97 (96*5) 
85-100 (92) 
95, 100 (97-5) 

79-100 (91) 
77-100 (93) 

95-100 (97) 
95, 100 (98) 

91- 100 (93) 

92- 98 (96) 



58-71 (61) 
52, 60 (56) 
36-80 (60) 
52 ; 58 (55) 

33-80 (71) 
32-70 (59) 

58-80 (67) 
60 (60) 
58-65 (60) 
45-60 (52) 



39-58 (43) 
18, 41 (30) 
10-58 (41) 
24 (27) 



19, 
28-60 (53) 
26-60 (47) 

20-75 (50) 
31,48 (40) 
38-50 (43) 
30-68 (40) 
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LYMPHOCYTE TRANSFORMATION ril l tur cs of 

Only a small number «2 per cent) or-— ^^^T^ «~ 
unconjugated live lymphocytes and ^J^^c^i^ «* of seventeen cultures), 
ofsevenfeen cultures) or autologous conjugated ery throcy ^ ^ ^ es f h 

Bv contrast, 8-22 per cent transformed eel Is (**-J£> 5 -10 per cent transformed cells 

unt non-viable lymphocytes in the m.tial inoculum. 
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Table 3 

Effect of conjugation on transformation of cultured lymphocytes 



Per cent transformed cells 



No. of 
animals 



Serum 



3 days 



5 days 



Conjugated lymphocytes 
unsensitized donors 

sensitized donors 

Conjugated red cells 

sensitized donors 
Conjugated serum proteins 

sensitized donors 
Unconjugated lymphocytes 

unsensitized donors 

sensitized donors 



14§ 


A 


0 


0 


2 


H* 


0 


0 


25t§ 


A 


0 


8-22 (14) 


2 


Ht 


0 


8, 16 (12) 


17« 


A 


0 


0-1 (<1) 


17J§ 


A 


0 


0-2 (<1) 


4 


A 


0 


0 


2 


Hf 


0 


0 


14 


A 


0 


0 


4 


H* 


0 


0 



A: autologous. H: homoglogous. 

• Serum from sensitized donors, t Serum from unsensitized donors. % Includes the eleven guinea-pigs whose 
lymphocytes were also incubated with dinitrophenylated red cells and serum proteins. § Cultures from these animals 
were prepared in duplicate. Values in parentheses represent means. 

CARBON UPTAKE 

Carbon-laden cells were observed both in preparations of blood macrophages and peri- 
toneal cell cultures aged 0, 3 or 5 days. By contrast, no cells which phagocytosed carbon 
were detected in 0-, 3- or 5-day cultures of conjugated live lymphocytes from sensitized 
donors. 



UPTAKE OF TRITIATED THYMIDINE 

In an initial experiment conjugated lymphocytes from two unsensitized guinea-pigs 
incorporated relatively little radioactivity (<2500 counts/min per 10 6 lymphocytes) in the 
first 4 days of incubation with tritiated thymidine but took up rather more radioactivity 
on the 5th day (about 18,000 counts/min per 10 6 lymphocytes). By contrast, conjugated 
lymphocytes from two sensitized animals incorporated respectively about 25,000 counts 
min and 55,000 counts/min per 10 6 lymphocytes on the 3rd and 5th day of incubation. 

Table 4 

Lack of correlation between uptake of tritiated thymidine and transformation in cultures of conjugated 

lymphoyctes 

Sensitized donors 



Radioactivity in 3-day cultures 
(counts/min/ 10 3 cells) 

Transformed cells in 5-day 
cultures (per cent) 



a 


b 


a 


b 


a 


b 


a 


b 


135 


132 


135 


134 


83 


64 


90 


74 


16 


9 


11 


12 


10 


9 


10 


7 
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Conjugated serum proteins 
Conjuiated killed lymphocytes 
Conjugated live lymphocytes 
Unconjugated live lymphocytes 

I nsensiuzed donors 
Conjugated live lymphocytes 
Unconjugated live lymphocytes 



a, b : duplicate cultures. 
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Table 5 



EFFECT Or DONOR S E NSmV. TVOH U PTXK EOP TR,T,AT E 0 

No. of animals 



THYMIDINE BY CULTURED LYMPHOCYTES 




<cnsitiied donors 
Coniugated red cells 
Conjugated serum proteins 
Slated killed lymphocytes 
Ovulated live ^phocytes 
Unconjugated live lymphocytes 

I I'nsensitized donors 
1 Conjugated live lymphocyte 
"nconiugated live lymphocytes 



12< 
12* 



UO-880 (480) 
96-700 (360) 

^sffl (73,000) 

38-300 (73) 

38-500 (88) 
34-550 (110) 



— i . and c designate different batches of animals. 

The superscripts a, b and c designa 

,He second « 

2 hours took up almost »»^'^^ 0 L per 10* lymphocytes) . 

lymphocytes pulsed for 6 hours (32,000 1 coums/ y ■ lymphocytes from four sen- 

In P theVd experiment, ^^^^^ on the 3rd day of incubauonand 
^-.ini^exhiW^anina^u^oW ^ ^ of radioactivity 

the presence of transformed cells on the o ^ Y ^ (Table 4 . 

appeared not to vary with the Pf^^^TSSded in Table 5. Tritiated thymxdme 

P The results of the fourth .«f^^^^counti/n»in per 10* lymphocytes) in 
was incorporated in relatively ^^^%^Zm^d donors, (2) unconjugated 
cultures of: (1) conjugated Y^P^* donors , (3) mixed cultures of uncon- 

Ivmphocytes from either sensitized « auto logous conjugated (a) erythro- 

jugated live lymphocytes from f^^J^^ptocyt* By contrast, the uptake of 
[L, (b) serum proteins or ^ Oocytes in all cultures of con- 

radioactivity exceeded 15,000 coun ^'"\ ^-^.pigs. 

iugated live lymphocytes from sensitized guinea pigs. 

AUTORADIOGRAPHY 

P^arations of freshly collected ^^J^^ [-~^tSS 
pip contained no cells which became labelled ' af <« d { phocytC s from ; sensitized 
thymidine. By contrast, in 16-hour cultures tfewjug * ^ The labe lled cells 
donors, 6 (0-34 per cent) of 1750 ^^^^ ^ cu ltu««, 48 (6-9 per cent) of 
resembled large lymphocytes (Figj. 2-4, <* ^ Y fr£>m ones resembling 

-00 examined leucocytes , wen ^^^J t^pearance of trar^rmed ^ ^ 




^eitiWdi^ent labelling -^ft^W^^ 
probably depicting the last stage in ^t*^ ^ 5 8 (8-8 per cent) of these we e 
of 660 examined leucocytes were labelled. Howcv "' ^ 62 \ 94 pe r cent) appearing to 
typical' transformed cells (Fig. 11, cf. Fig. «>'^ ™*J and a P tr ansformed cell. The 
represent intermediate stages between a large lymphocyte 
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Fig. 10. Cells from a 3-day-old culture of dinitrophenylated lymphocytes. The cells arc joined by a 
strand of cytoplasm, x 2200. 





Fig. 1 1. A labelled, transformed cell from a culture aged 5 days, x 2200. 
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FIG ,2. A tranced ceU ten a cuUure a g cd 5 day,, stained with May-GrOnwa.d-Gie.nsa. x - 

per cent) were labelled. 

DISCUSSION 

The transformation of lymphocytes in ^^^.^^^Z 
amply documented (Pearmain, Lycette and Fltt ^' ^'^Sit use of DNGB in 
1963; Coulsen and Chalmers, 1967). However 1Q67; 
investigations of delayed hypersensmvity ( I ^^ ( ^^ iti effect on cultured 
Bloom and Chase, 1967), no studies appear to to form stable 

lymphocytes. The use of DNFB in this work was prompted by its ry 
conjugates with protein (Eisen, Orris ^J*^™^ of its conjugation with BSA 

In defining the conditions for the use of DNFB the «««« ^ £ ^ 
has been investigated in the P H range ^^^^^^oa occSS between 
It may be assumed that after 4 hours at pH 8 5 no urther ^ 
DNFB and BSA since there is virtually jio * ddlti0 "?™*T*ZZn between DNFB 
30 minutes. Therefore, it seems "-? na *^ 

and protein in the cell suspensions is also approximately ""J"? 6 h d b the ad _ 

ihe availability of cell protein for conjugation may be hunted, on one nan y 
hcrence of serL protein to the cells (despite washing and ™J£^*Zz DM* 
intracellular localization of the bulk of the protein. ^ It seems unl^y 
can enter the cells irr view of its high reactivity at ^usually a Ikah ™? ^ serum 
cellular fluid, and the availability of protein for conjugation in both the a 
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and the cell membrane. However, if DNFB does enter the cell, it can presumably reac. 
with intracellular protein since some conjugation with albumin is found even at pH 5-5 

In cultures of conjugated cells from the sensitized guinea-pigs, the total number of celh 
decreases by the 5th day to about one-third of its initial value. Since a similar fall does noi 
usually occur in other cultures, the conjugated cells from sensitized donors probably undergo 
lysis of immune origin. Moreover, since the total number of cells similarly decreases in 
cultures of unconjugated heat-killed cells used with conjugated live cells, as well as un- 
conjugated live cells used with conjugated heat-killed cells, dinitrophenvlated lymphocyte 
antigen can possibly induce lysis of unconjugated living lymphocytes. By contrast' ii 
appears that transformation can be induced only in cells directly exposed to DNFB 

The transformation of conjugated lymphocytes from sensitized donors has been esta- 
blished both on a morphological basis and by the incorporation of tritiated thymidine 
It appears to be a specific reaction of conjugated, sensitive lymphocytes, since neither 
transformed cells nor appreciable thymidine uptake are observed in unconjugated cell 
cultures from sensitized animals or conjugated and unconjugated cell cultures from un- 
sensitized donors. The transformation appears to be a specific outcome of the exposure of 
sensitized lymphocytes to DNFB, since little or no transformation occurs when live lympho- 
cytes are incubated with either conjugated, heat-killed lymphocytes, erythrocytes or serum 
proteins. 1 

In some cultures containing conjugated erythrocytes or serum proteins, the presence of a 
small number of transformed cells can be interpreted as a low degree of responsiveness to 
™i* ntlge ™' U ? als0 P ossib,e » however, that a small amount of residual unconjugated 
DNFB remains adsorbed to erythrocytes or is present in serum and later reacts with 
lymphocytes. 

Conjugation of DNFB with lymphocytes therefore appears to be a necessary prerequisite 
to transformation. The high reactivity of DNFB suggests that it mainly combines with 
protein adsorbed to the cell or a component of the cell membrane. Since the adsorbed 
protein is probably derived from the serum, and conjugated serum proteins do not induce 
appreciable transformation, it seems likely that the union resulting in transformation 
occurs at the cell membrane. Transformation of lymphocytes from sensitized animal> 
following m vitro conjugation with DNFB suggests that a similar mechanism may operate 
in vivo. ' r 

Migrating lymphocytes may initially react with the chemical in the skin and induce 
hypersensitivity after undergoing changes either locally or in the regional lymph nodes, 
sensitive lymphocytes may subsequently react with freshly applied chemical and havine 
been stimulated by the specific antigen, release factors which elicit the local reaction. 
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Clinical Investigation 

Clinical Responses With Active Specific Intralymphatic 
Immunotherapy for Cancer— A Phase HI Trial 

CHARLES L WISEMAN, MD; V. 8HNAA8A WO, PhD, PharmD; PETER 8. KENNEOY, MO; 
GARY A. PRESANT, MD; JL DOUGLAS SMITH, MD; a/Mf ROflERT JL McKENNA, MD, U>$ Angebs 

We evaluated the method of active specific Intralymphatic Immunization to treat cancer In 32 
patients with various tumor types as part of a broad-based phase Ml evaluation and describe the 
results of 3 sequential series. In series 1, the patients (n-13) received 2 or more Injections of 
autologous, cryopreserved, Irradiated tumor cells directly Into the lymphatic system through the 
cannulation of a dorsal pedal lymphatic channel. In series 2, the patients (nm7) received low-dose 
cyclophosphamide, 300 mg per m 2 , 3 days before the autologous cell vaccine was administered. 
Series 3 (12 patients) was similar to series 2 except that the tumor cells were treated with 
cholesteryl hemlsucclnate Immediately before Irradiation. Patients received horn 2 to 6 Injections of 
cells, depending on availability, at 2-week Intervals. In all, 01 treatments are evaluated In this study. 
Clinical responses occurred In 7 of the 32 patients and were seen In all 3 series with about the 
same frequency. These responses occurred In cases of melanoma, lung cancer, colon cancer, and 
sarcoma. Regressions occurred In both visceral and subcutaneous sites. There was Bttie toxicity, 
the chief side effect being local discomfort or Inflammation. This experience indicates that active 
specific Intralymphatic Immunotherapy Is safe, produces antitumor effects, and requires more 
Investigation to Increase the frequency and duration of observable tumor regression. 
(Wiseman CL, Rao VS, Kennedy PS, et al: Cfinfcal responses with active specific Intralymphatic immunotherapy for cancer— A 
phase Mi trial West J Med 1989 Sep; 151.283-288) 



Our initial findings suggested that the method reprodu- 
cibly elicited substantial biologic effects, with a significant 
elevation of the fraction (and absolute number) of circulating 
CD4+ lymphocytes. We observed that this elevation oc- 
curred after each immunization and in almost every pa- 
tient.'- 10 In a few melanoma patients, two subpopulations of 
CD4+ were identified.' 1 

Since the initiation of mis study, we have made several 
modifications based on possibly useful newer techniques. 
The reports by Berd and Mastrangelo indicated that the use 
of low doses of cydophosphamide may selectively block sup- 
pressor-cell functional activity, thereby leading to aug- 
mented specific immune responses.* 1 After our initial expe- 
rience, we introduced this as a pretreatment for our patients 
(series 2 and 3). We then changed the program in an attempt 
to increase potential cell-surface imnmnogenkily of tumor 
cells by reducing umnbrane-lipid microviscosity. We intro- 
duced the methods of Skoraick and associates, using a brief 
incubation whtcliolesterylhemisuccinate(8erie83). M 

Patients and Methods 

Timor Vacdne 

Surgically removed tumor was dispersed by coUagenase 
and dtoxyrftonidease according to methods previously de- 



dw WiUdn Ooeekv Medkd Otoop («iecp Or IU«), tte 
Ibb wit mi opponed by Oe Si Vbettt Medfcil Cum tad the WOittMOocalaar Meted Orap. 

Portias fa put «a« provided br the AaxHtay of the St Vtaeent Medial Center, the Ahaum Paaadric*. the Brick Pond, nd fe Lm Aifda Oaa*«fc 

Ifttlinnft; ■ MMptvui p ro uiii ii u|im no tvKvcn tfjoicy, 
ItcprtoKdj^toChft^ 



The historical enthusiasm for using autologous tumor 
cells as immimogens has resulted in a number of clinical 
trials, and some positive results warrant further attention.* 
We have been interested in several recent developments that 
encourage further investigation of such an approach. We 
began a study to investigate and extend the original report of 
JuiUaid and co-workers, who described regression of meta- 
static tumors after itxxtdatiiigirrad^ 
into the lymph nodes through the dorsal pedal lymphatic 
vessels. 1 

Direct intralymphatic immunization is an attractive con- 
cept for a number of theoretic reasons. Such a technique 
could circumvent possible immunosuppressive mechanisms 
of a primary tumor. Regional lymph nodes vary widely in 
immunologic responsiveness. 1 Some studies indicate that 
nodes dose to a primary tumor have decreased functional 
competence and increased suppressor-cell activity as com- 
pared with nodes distant from the primary tumor. 4 

The fattralymphatic approach has been studied in ani- 
mals M with positive results and in several human tumor 
categories, faaddition to the workof 
augmented iimminologic responses were reported ta 
cancer and in renal cancer by Adler and associates, although 
the clinical significance of these responses remains open. M 
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idly tod wa$^^ 
removed by imij^^ popula- 
tion was then imitated to 200 gray fiom iai cobalt 57 source. 
Dosimetry and supervision of the radiation procedure w$re 
prodded by Ahnand Boua^^ 
MD. For ptfients insert 3, v^^ 



a polyvinyl py^)lidolJ*-Hank8 , solution, pH 7.2, containing 
250pgpermlcholerterylhemisuccinate(S 
1 X 10* vkble cells per milliliter, and facute^ 
horns at room temperature, washed, and resuspended in lac- 
tated Ringer '» solutions to 10 X l& viable cells per milli- 
liter before irradiation. The irradiated cells were suspended 
in a lactatcd Ringer's solution at a c on c en tr ati on of 10 to 15 
x l(f viable cells per milliliter. Viability was assessed by 
trypan Hue exclusion. Aliquots of die initial preparation and 
the irradiated vaccine were routinely 
tamination by culture as recommended by federal protocol. 14 
The viability of the tumor cells was generally about 70 % or 



higher, although occasionally a patient was treated with a 
vacciiieoflowerviabilfy 

RttUnts 

All patients provided signed informed consent before en- 
rolling in this program. Approval and periodic review had 
been provided by the Institutional Review Board of the St 
Vincent Medical Center (Los Angeles), both initially and 
after the sequential modifications of the program. AD pa- 
tients received a complete medical history and physical ex- 
amination, complete blood counts, biochemical profile, and 
such x-ray films, computed tomograms, and isotope scans as 
needed to evaluate the extent of metastatic involvement and 
the dimensions of at least one measurable indicator lesion. 
Therapy was not initiated until at least three weeks had 
elapsed from previous chemotherapy, radiation therapy, or 
suigkal procedure requiring general anesthesia. No addi- 
tional antitumor therapy was permitted for any patient during 
the period of treatment on this protocol. 

Autologous irradiated tumor cells, suspended at a con- 
centration of 10 to 15 x l& viable cells per milliliter, were 
injected over several minutes into a dorsal pedal lymphatic 
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^mttrf iahiated after Evans Mae was infiltrated and lido- 
came tydrocbtaride was administered for local anesthesia 
according to methods used for lymphangiography. All cut- 
down procedures were done by the staff of the Department of 



Radiology, St vincem mccucu vxmcr. nwwu u» 
vaccine at two- to tour- week intervals as supplies permitted. 
Unless required for other medical considerations , admission 
to hospital was not needed. For those 
clophosphamide (Cytoxan, Bristol-Myere Oncology Divi- 
sion), die drug was injected intravenously three dayB before 
vaccine inoculation at a dose of 300 mg per m* following 
prctreatment with the intramuscular administration of trie- 
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tbyiperaarine, 10 to IS mg Obrecau, Raxane Laboratories, 
Inc). 

Results 

The roster ofpatients, together with 
tics,iflprovkledinTibkl.Asi^ 
ence, series 1, represents the tumor vaccine program unmod- 
ified. Series 2 and 3 diffw in that patients were treated^ 
low-dose cyclophosphamide. Safes 3 comprises those pa- 
tients whose vaccine underwent pretreatment with choles- 
tetyl hemisucdnate; additionally, series 3 patients, similar to 
the patients in series 2, received a priming, immunomodu- 
tfHng dose of cyclophosphamide before die vaccine treat- 
ment There woe 1 3 patients in series 1 , 7 in series 2, and 12 
in series 3. The program was initiated fane 1, 1981; we 
evaluated responses sod survival as of July IS, 1988. Ikbie 2 
shows the tumor types and their distribution according to 
series. 

All patients had advanced cancer, usually with pulmo- 
nary or intra-abdominal metastases. The median age was 48 
yeara(range 9 26to78).Therewere8wom«i.Elevnipatieiit8 
had had no previous therapy; an occasional patient had had 
extensive previous treatment. The median performance 
score on the Eastern Cooperative Oncology Group scale was 
2; six had scores of 4 (completely bedridden) and five had 
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scenes ef 3-tbat is, about a fluid of the patients were pa* 
tialtyoreompletely bedridden. 

TU^3de{^tiieimiidierofqdesofiminunizatioaper 

patient, the amount of viaWe cells of each vaccine treatment, 
the maximum response according to standard criteria of the 
Southwestern Oncology Group, the time to progression, and 
^thfn^flnofain^valfipom the initiation of treatment. For 
32 patients in die study, there were a total of 9 1 treatments. 
Examples of elective responses arede 
and 3. Figure 1 shows a chest x-ray film of patient 10, a 
35-year-old man who underwent an exploratory thoracotomy 
for operable tat not resectable, large-cell undifferentiated 
lung cancer. The patient received two vaccine treatments, 
with the subsequent disappearance of the lung nodule and 
improvement of mediastinal widening, both on chest x-ray 
film and computed tomography (CT) . The patient was then 
treated by Ids referring physician with chemotherapy and 
initiation to consolidate the remission, but the disease re- 
curred five months later. 

Figure 2 shows the computed tomograms of patient 29, a 
62-year-old man who had an excisional biopsy of pulmonary 
nodules diagnostic of metastatic melanoma. In addition to 
pulmonary metastases, the patient had noticed a 1-cm nodule 
in die right thigh shortly before the initiation of vaccine 
treatment. The pulmonary disease showed regression, the 
thigh mass disappeared, ami the patient had a reduction of 
serum concentrations to die monoclonal antibody CA 125 
from 91 to 33 ng per ml eight weeks following the start of 
treatment. The patient then showed progressive disease in 
the lung and also brain metastases after six months. 

Figure 3 shows CT scans taken of a 45-year-old woman 
(patient 32) who presented with an atrial myxoma invading 
the great vessels. After surgical resection she was treated 
with infusional chemotherapy with doxorubicin (Adria- 
mycin, Adria Laboratories) hydrochloride, but hepatic me- 
tastases developed. She received three cycles of autologous 



irradiated tumor cell vaccine as per the methods described 
for series 3 patients. The follow-up scans five weeks later 
showed disappearance of several vaguely demarcated liver 
lesions and reduction of a major lesion from 4 by 4 cm to 1 . 5 
by 1.5 cm. New lesions were identified on die skin and also in 
the lungs, but the hepatic lesions regressed. 

Patient 1 had multiple vaguely defined pulmonary infil- 
trates, which showed more than 50% regression simulta- 
neous with die development of brain metastases. Patient 14 
had an exploratory laparotomy with partial resection of a 
retroperitoneal mass, not identifiable on computed tomog- 
raphy. Signs of a bowel obstruction developed 14 weeks later, 
again without tumor visible by CT scan. At an operation the 
patient had tumor obstructing the distal small bowel but the 
surgeon saw that the original tumor mass was more than 50% 
reduced. 

Patient 17 had a resection of one of several large breast 
masses palpable and visible on mammography. After three 
vaccine treatments, the mass adjacent to die resected tumor 
appeared to enlaige and was resected. Interestingly, only 
necrotic debris was obtained. When the patient relapsed 68 
weeks later, there was a huge, palpable, and darkly pig- 
mented nodule in the region from which a biopsy was previ- 
ously taken, as well as several other areas in toth breasts. 

The median survival for all patients was 36 weeks. We 
note that occasionally a patient had an unusually long sur- 
vival. Patient 12, with recurrent renal carcinoma in the chest 
wall, showed a greater than 25% increase in die size of the 
tumor; he was subsequently treated with a regimen of inter- 
feron, without significant benefit, then radiation therapy. 
Lung metastases also developed. Nonetheless, he remains 
ambulatory and reasonably active 299 weeks after the autolo- 
gous imralymphatic vaccine therapy started. Patient 15 had 
progressive liver metastases on a CT scan after three treat- 
ments with autologous iiradiated tumor cells and was treated 
with two courses of intrahepatic chemotherapy with mito- 
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mycin and fiuonmracil. He has declined farther medical 
evaluatkmbm continues to work nwreth^ 
treatment was initiated. 

Direct toxicity was limited to an occasional local infec- 
tion, rarely fever or other systemic reactions. There were no 
instances of regional adenopathy, nor did any patient have 
symptoms of immediate hypersensitivity. There was no evi- 
dence of tumor enhancement or acceleration of the clinical 
course. Wound infections and difficult cannulations were 
seen primarily in series 1 patients (three patients each). 
Fever was identified briefly in one patient, who received 
antipyretics and had a normal temperature after 24 hours. 
One patient (number 8) with colon carcinoma and extensive 
pelvic tumor had a self-limited deep vein thrombophlebitis in 
the contralateral leg; this condition required admission to 
hospital and anticoagulation but resolved without sequelae. 
The patient had no further complications until her demise 
from progressive distant metastases 32 weeks later. Another 
patient (number 13) with renal carcinoma died suddenly at 
home; at autopsy a pulmonary embolus was identified. This 
event is not unexpected in this population, but there is a 
possibility that the cutdown procedure, requiring immobili- 
zation on a gueroey for 60 to 120 minutes, contributed to its 
development. Nonetheless, patients in the later series were 
not similarly affected. 
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Discussion 

This report confirms the dinical interest of active specific 
immunotherapy using autologous cells through intralym- 
phatic injection. The original report by Juillard and col- 
leagues in 1978 showed that tunu>r vaccines cbuUelicft re- 
gressions of metastatic disease, 2 a controversial notion at a 
time when it was widely held that immunologic mechanisms 
would be ineffective except for subclinical, mkrometastatic 
disease. 1 We describe here objective regressions in 7 of 32 
patients studied. It should be noted Oat these very ill patients 
all had tumors for which effective or even palliative therapy 
is marginal. The responses have been limited and incom- 
plete, however, and the problem of mixed responses is disap- 
pointing. McCune and co-workers, in a study of renal carci- 
nbma, interpret mixed responses as a strong argument for the 
polyclonality of tumors. 18 the response of patient 32 is en- 
couraging, even if there was growth of turn 
given the severity of liver involvement and the rarity of re- 
gressions under these circumstances. 

In evaluating the population for possible prognostic fec- 
tors, we note that all of the responding patients were younger 
than 6S and most had performance status scores of2 or less. 
The mean age ofthe seven responders, however, was SO, and 
that age was not appreciably different from that of the group 
asa whole (mean age, 51.3 years). 

Previous chemotherapy was not a contraindication to a 
response, contrary to the experience of Weteenburger and 
colleagues. 16 That study, albeit involving allogeneic tissue 






apy. M la contrast, our sevtn itqwbdcrs had previous 
chcmocbcrapy. 

AWwugh we describe an evolving strategy for imple- 
menting active specific intralym^ 
rote of cydophosp^^ the tumor 

cells with dxriesteryl he^^ 

and associates reported responses in 7 of 2 1 patients treated 
with chole^iyl-nK)dified autologwis tumor cells. 1 T This 
process did not amplify the response rate in our study. The 
incidence of clinical responses is not meaningfully different 
among the three series: 3 of 13 (23*) in series 1, 2 of 7 
(29%)inseries2,and2ofl2(17%)in5eries3. 

The method and experience described suggest the exis- 
tence of host responses that can have potentially useful ef- 
fects against disseminated malignancy. Attempts to identify 
the existence of relevant serum antibodies, described fay Ahn 
and co-workers 11 and by Farced and colleagues/ 9 have been 
unrewarding to date, both in our own laboratory and in an 
investigation by Karen G. Barnett, PhD, Hybridtech, inc, 
San Diego (oral communication, September 1987). We have 
previously reported an initial impression that intralymphatic 
immunotherapy produces substantial augmentation of die 
CD4+ T-eell phcnotype. f U A further analysis indicates that 
this impression is confirraable, 20 and , notably, the more sub- 
stantial increases of this subset also correlated significantly 
with th6 clinical response. Immunologic studies in progress 
may uncover or clarify further the underlying host-defense 
mechanisms and will be further evaluated in a separate re- 
port* 

Our experience suggests that the method of intralym- 
phatic immunotherapy is reasonably safe and technically fea- 
sible. It is hard to explain the rcgr^ 
nisms other than host immune responses engendered by die 
stimulus of the intralymphatic vaccine; understanding this 
process ami modifying ft to provide 
responses remain a compelling challenge for further work. 

Although one of us (CL.W.) had previously initiated a 
similar program at a major academic center, we had some 
initial concerns about the feasibility of implementing this 
novel investigation at a community hospital. These concerns 
were not manifest in reality, and the community support of 



the program was gratifying. How best to forth^ 
method arid to introduce it into dinkal practice deserves 
attention. We are currently eqgogedbadkdcd trial to eval* 
uate a possible role for interleukin 2 in conjunction with this 
technique of active specific intralymphatic immunotherapy. 
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AUGMENTATION OF OEUYCD-TYPE IIYPERSENSITIVnY (tmi) TO 
TUMOR- ASSOCIATED ANTIGENS BY TREATMENT WITH AUTOLOGOUS . 
TUMOR CELL VACCINE PRECEDED BY CYCLOPHOSPHAMIDE (Of)*. David 
Bard, Konry Kaguirc and Klcnael MastringelO. FOX Chase 
Cancer Center, Philadelphia, PA 1011 1, Hahnemann Medical 
College, Philadelphia, PA 19102 

CY pretreatment augments the development of DTH to a 
primary exogenous antigen in pationts with advanced .cancer. 
In an ongoing study, wc are testing the hypothesis tb*t CY 
can augment DTH to tunor associated antigens as well . We 
obtained tunor tir^uo- fro™ pationtj • wiTh advanced cancer 
who had nn easily rcsoctable mot a static deposit. -Tunora 
were dissociated with collagenase and DNaso and the cells 
vr«r* etyoproact-ved in human soma. Patients were skill- ■ 
tested by i.d. injection of 10° live. Autolo£oi*5 «umt*- cells 
(TC) and also with J x 10 6 ' sinilarly-cryopreserved blood 
mononuclear cells (MNC) ; DTH responses (itoan dlatictor in- 
duration] were measured at 4* h. TW weeks later ' they voref 
given CY 300 Rig/M 2 IV. Three days after CY, patients were, 
injected i.d. with a vaccine, consisting of'TC (10-50 x 10 . 
liv- cell*) mixod with 0.1 ml Glaxo DCG. Seventeen days 
later, they were skin-tested apain; pre- and' post -tr«iuient 
DTh\ responses were coiroared. So far, 6 patients' have bocn .- 
enterod on the study (5 tnelanotva, 1 breast Ca)^ Plve have 
completed pre-troatment *kin T***ting- and th* DTO ruspenatj 
(son) were: TC - 5,0,4,0,6; XNC - all 0. Two patients have 
cowploted at loast one ianunixation and toating. In - 
patient *1. DTH to TC inoxeistxJ after treatment froia S to 
14 tan. Patient *2 had no DTH to TC before treatment ■ but 
had a 12 mi response after treatment. Mechanically dissocia- 
ted TC *licit«d a roqwnac airoilar XO that- elicited by 
onzyme -treated TC. CY vaccine did not augment DTH t© MNC. 
Thus, autologous JC-BCG vaccine preceded by CY can result 

in development ox augmentation Of DTH tO-tUfflOr- associated 

antigens. 
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COMBINED MODALITY THERAPY OF ADVANCED NODULAR LYMPHOMAS («l> 
THE ROLE Of NONSPECIFIC IMMUNOTHERAPY (MBV) AS AN IMPORTANT 
DETERMINANT OF RESPONSE AND SURVIVAL. S.Ketnpm, C.Cirrlncone, 
J.Myers, B. Lee II] ,0. Straus. 8. Koilner.Z.ArHn, T.Gee, 
R.Mertelsmann, C;P1nsky,E.Coinacrio, L.NIsce, L.01d,B_Clarkson, 
H.Oettgen, Memorial Sloan-Ketter1ng Cancer Center, New York, 
N.Y. 10021. • • 

Since June 1976 56 patients (pts) with NL(Stages WV) 
were treated with the NHL -4 protocol, consisting of two se- 
quential regimen*: UThlotepa, Vincristine i Chlorambucil and 
Prednisone (6-12 cycles) followed by ir^vclophosph&njIde.Ad- 
rlawvcln, Melphalan and Prednisone (4 cycles)(ASCO 22:514, 
1981). Radiotherapy (rt) ma> administered to Initial areas of 
bulkv_ disease at the conclusion of chemotherapy or to nodal/ 
extranodal sites responding only partially to chemotherapy. 
MSv, a heat Mlled preparation of 5. pyogenes and Ser.marces- 
cens, was administered in a randomized fashion, subcutaneous - 
ly, one week prior to each chemotherapy cycle;- to 26 pts.KSV 
«as administered up until the completion of regimens' I and 0, 
then discontinued. The overall complete (CR) and partial 're- 
sponse rates were SZ1 and 32* respectively: The- CR rate of 
vaccinated patients was B53E vs. 44? for non vaccina ted pts. 
The survival duration of pts treated with MBV 1s significant- 
ly better than nonHBV Dts {P=-029h howevar.-.wlth a median 
follow up of 34.3 months no plateau has yet 'been reached for 
cither group. Relapses have occurred In 201 of MBY-CR pts vs. 
42? of nonHBV CR pts. Of the 10 CR pts who : have relapsad.onVy 
5 pts have received RT and all relapses occurred 'In nonlrraoV 
ated previously "unlnvolved" sites.- Including PR pts, 83V re- 
lapsed or progressed In previously Involved : *uri Irradiated r- 
sltes. This trial suggests that MBV may have a significant 
thcropeutlc role in this combined modality* approach ;"Whether^ 
•longer term 'naintariance Invnunotherepy or more aggressive- ra- 
diotherapy (i.e. total nodal) should be' used -can-only be- ^de- 
termined by long term comparative randomized .trials. - 
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ACTIVE SPECIFIC IMMUNOTHERAPY IN MALIGNANT 
MELANOMA- ECOG PILOT STUDY PE-6S0. J-E. Harris, A,C. 
Hollinshead, B. . Fuller, and S- . Nisius. Rush Medical College, 
Chicago and Geo- Washington U. Med- Ctr^ Washington. 

Sixteen patients (pts) .with disseminated malignant melanoma 
who had failed at least one course of chemotherapy were treated 
by intradermal vaccinations with 0.2 ml 'of melanoma ceU mem- 
brane extracted tumor-associated antigens (TAA) + 0.2 m| Freund's 
Complete Adjuvant (FCA) given monthly up to 3 times. TAA was 
purified from a soluble membrane" pool obtained from m»|inoma . 
ceils metastatic to lung and liver. TAA was obtained after gel 
filtration ond .separation by preparative " poiyacrylamide gel elec- 
tropheresls (PACE) and were analyzed by dl« continuous-gradient 
PACE. Of 15 evaluahle pts. (10 males, 5 female*; median age 58 
years (yrs), range 32-70 yrs.) 7 progressed following 1 vaccination 
dying 3.0. 0-5, KO, 2.3, 5.0, 4-° and 0.5 months (moa.) later* V pta 
progressed following 2 vaccinations; 3 dying 4 J, 1.0 and 2.0 mos. 
later, with 1 currently alive at 5.0'mos.| ^ pts progressed following 
3 vaccinations* 3 dying 3.0,' 5*5 and. 1.5 moa. later witn 1 currentJy 
alive J.5 mos. later. One partial remission of disease (compete 
regression of soft tissue skull metastasis with no change in inguinal 
node mctartitjc dbcue) was seen following the second vaccination 
In * pt. who then relapsed: and died . 7 weeks after the 3rd • 
vaccination. There was no. relationship between tolerance of, or 
ability to complete the 3 vaccination regimen and (1) performance 
Status,: 01) extent and nature. of metastatic dieeoie, (Ui) amount ol 
prior cytotoxic drug therapy- Patients receiving 3 vaccinations had 
longer disease-free intervals between primary resection and tumor 
recurrence than did those, receiving* 1-2 .vaccinations. Toxicity: 
transient pain at sites of vaccination and temperature* elevation 
(99-100 F) on the days of vaccination. AH vaccination sites 
ulcerated, none become infected; all crusted over. This Phase I 
study establishes that extracted tumor antlg*n p CA may be 
given to malignant melanoma pts. with tolerable morbidity. It has 
antitumor activity ana may be uselul for immuooprophyiaxis in the 
• adjuvant setting. 
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EFFECT OF CHEMOTHERAPY ON MONOCLONAL ANTIBODY- 
DEFINED LEUKOCYTE SUBSETS IN SOLID TUMOR CANCER 
PATIENTS. Donald P. Braun, "Jules E. Harris and Samuel C 
Taylor OL Rush Medical College, Chicago, Illinois. 

Percentages and numbers of T cells, monocytes and T cell 
subsets were measured in peripheral blood mononuclear cells 
(pbmc) from solid tumor cancer patients receiving chemotherapy. 
The patient population consisted of? 1 patient with breast, cancer 
who received adjuvant chemotherapy with melphalan and 5- 
nuorouracll; » patients with non-tmail ceil lung cancer who 
received mitomycin C r cisplatln and vlndesine, 3 patients with 
small cell lung cancer who received Cytoxan. adrUmycin and VP- 
16, 1 patient with melanoma who received methyi-CCNU, and I 
patlont with colon carcinoma who- received Cytoxan, Oncovin and 
methotrexate. The following JeijWocyt* «ub*rtx were enum eratedt 

(1) T cells by sheep erythrocyte resetting, (ii) T cells by OKT.3 
rrwrtoclonai antibodies,' .. 1UI) heiper/inducer T cells by OKT.4 
monoclonal antibodies, (iw) «uppre«aor/eytotoxic T cells by OKT.5 
monoclonal antibodies, (v) monocytes by latex innertion and (vi) 
OKM.l + ceils by monoclonal antibodies. Levels of phytohemag- 
glutlnuv-Induced (PHA>- DNA synthcala . were measured to deter- 
mine whether drug-induced changes in leukocyte subsets were 
associated with changes. in. immune function. In all ol the patients 
studied, absolute numbers, ol lymphocytes .and E rosettlng cells 
declined following druc treatment; tr*»r* was no difference in the 
extent of depression or rate of recovery In any T cell ouboet. The 
percentage ■ of latex-Ingesting'* PBMC .and-OKM-1 cells were 
lound to- decline in 6 patients following their drug, treatment- PHA ■ 
responslvenesa In PBM.C lrorn 9 to 10 ; drug Vested cancor patlenu 
-improved to at least 1XJ96 of pretreatment leveU of function 
.following therapy- That wm wocbted In.. *. instnncea with o 
decline In, percentages of latex Ingesting cells and OKM.l + 
Dux was never associated with' selective changes in T cell subsets. 
•Combination chemotherapy does not differentially a fleet the 
percentage ol T cell subsets but may sometimes depress monocyte 
percentages In the PBMC of treated cancer patients. 
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NZ406 ENHANCED EXPRESSION OF MHC MOLECULES AND 

LYMPHOCYTES FOLLOWING TRANSDUCTION OF MELANOMA CELLS 
WITH IFN-7 GENES. Masahiro Ogasawara and Steven A. Rosenberg. 
Surgery Branch. NCI. NIH. Bethesda. MD 20892 

Gene Therapy for cancer is being tested in clintcal trials by 
using tumor infiltrating lymphocytes (TIL) or tumor cells modified 
by the insertion of genes coding for IL-2 or TNF-a. In the present 
study we investigated the feasibility of transducing human tumor 
cells with genes coding for IFN-y or IFN-a. which are two other 
cytokines that can enhance host antitumor immune responses. 

Tumor cells from twelve melanoma and two renal cell 
carcinoma patients were transduced with IFN- T retroviral vectors 
In both IFN-y secreting and non-secreting tumor lines, the ceil 
surface expression of HLA class I and class II molecules increased 
following transduction. However the magnitude of the increase m 
MHC expression appeared to be greater in tumor lines secreting t FN - 
v Northern blot analysis showed IFN-y transcripts only in IFN-y 
transduced cells. The amount of RNA transcribed correlated roughly 
with IFN-y secretion. 

Two melanoma cell lines were successfully transduced with 
an IFN-a retroviral vector. Melanoma cells transduced with the IFN- 
a gene transcribed IFN-a RNA and secreted large amounts of IFN-a. 
In contrast to cells transduced with the IFN-y gene, the expression of 
HLA class II molecules was not increased in IFN-a -transduced cells. 

Finally we tested the ability of HLA.DR* melanoma cells, 
which had been transduced with the IFN-y gene, to stimulate specific 
cytokine release by autologous CD 4* TIL. Both GM-CSF and FN-y 
were secreted when the lymphocytes and tumor cells were cultured 
together but not when they were cultured alone or with control tumor 
cells These results suggest that the HLA.DR molecules newly 
expressed on the transduced cells promoted antigen presentation and T 
cell responses against the transduced tumor cells. The insertion of 
IFN-y genes into melanoma cells may be useful either for active 
immunization against melanoma or for the generation of TIL to be used 
in adoptive immunotherapy. 



NZ407 RETROVIRAL MEDIATED GENE TRANSFER OF IL-2 
DECREASES TU MORI GEN ICITY IN MURINE B CELL 
LYMPHOMA. Orchard PJM Katsanis E. 1 , Gorden K. 1 . May fM. 
Mclvor R.S. 2 and Blazar B.R. 1 * 2 ' Department of Pediatrics, Division 
of Bone Marrow Transplantation and* Institute of Human Genetics 
Department of Laboratory Medicine and Pathology, University of 
Minnesota. 55455 . 
The potential to increase immune responsiveness against otherwise 
miiumally immunogenic malignancies by the transfer of cytokine 
genes into tumor cells has been of great interest We >»w «uflua^ 
die effect of endogenous production of lntertcukin-2 0^2) °n BDL* 
a murine B cell lineage lymphoma, by transducing BDL-2 with a 
retrovirus (LIL2SN) we have constructed containing the human IL-2 
cDNA under transcriptional regulation of the Moloney long terminal 
repeat, the SV40 internal promoter and the neomycin 
phosphotransferase gene. BDL-2 clones transduced with UL2SN 
were isolated by limiting dilution in G-418. and have been shown to 
secrete 0.2 - 88.5 U IL-2/10* cells/rruVM hours (mean 29 -5U/mL> by 
EL1SA. No changes in phenotype (MHC class I. CD2 CDV B220, 
ICAM-l or surface IgG) or variation in the rate of proliferation were 
observed following retroviral transduction and expression of IL-2. 
Intravenous (iv) or intraperitoneal (ip) injections of this IL-2 secreting 
BDL-2 clone in syngeneic Balb/c mice resulted in significantly 
increased median survival time (MST) when compared to controls (p< 
0 03 and p< 0.001 , respectively). Immunization with irradiated IL-2 
secreting tumor cells subcutaneously (sc) resulted in i enhanced survival 
(p< 0 0002) following live tumor challenge with the parental BUL.-Z 
line 14 days later. In a minimal residual disease model, iv injection of 
105 BDL-2 cells followed on day 12 by sc administration of 10 
irradiated IL-2 secreting cells resulted in a significant (p< 0.01) 
improvement in MST. In vitro 5»Cr release assays demonstrated 
sensitivity of BDL-2 to both natural killer (NK) populations and 
activated cytotoxic T cells. In vivo depletions of CD4 + cells (RL 172 
antibody) CD8 + cells (2.43) and NK cells (anti-asialo GMi) were 
performed. Depiction of CD8+ and NK cells resulted in decreased 
survival in mice inoculated with IL-2 secreting tumor cells iv, 
compared to controls and to mice depleted of CD4+ cells. # This 
implicates both cytotoxic T cells and NK cells as important in the 
resistance of Balb/c mice to a IL-2 secreting BDL-2 tumor line in vivo. 



NZ 408 EXPRESSION OF SYNGENEIC MHC CLASS II GENES IN 
MELANOMA CELLS INHIBITS METASTATIC DISEASE. 
S. Ostrand-Rosenberg and Noelle Patterson, Dept. of Biology, 
University of Maryland, Baltimore, MD 21228. 
Previous studies have established that transfection of syngeneic MHC 
class II genes into constitutively class ir mouse sarcoma cells produces 
an immunogenic tumor (Sal/A k ) which is rejected by the autologous 
host, and which effectively immunizes the host against a challenge : ot 
wild type class IP tumor. We have hypothesized that the Sal/ A 
transfectants induce protective immunity because they function as antigen 
presenting cells (APC) for endogenously synthesized tumor peptides and 
thereby stimulate tumor-specific T h cells, by-passing the need for 
professional APC. In the present study we demonstrate that 
immunization with MHC class II gene transfected tumor also protects the 
autologous host against subsequent metastatic disease. The C3H-denved 
(H-?) K1735 melanoma gives high levels of spontaneous (subcutaneous 
inoculation) and experimental (intravenous inoculation) metastases in 
syngeneic C3H mice. In order to test the protective potential of MHC 
class II + K1735 cells, wild type K1735 tumor cells were transfected with 
syngeneic A ' A b k MHC class II genes, and/or neo R gene, and 3 clones 
expressing high levels of I-A k molecules selected (K1735/A" clones). At 
tumor doses ranging from 10 3 to 5 X 10 s i.v., the class II + transfectants 
give 5-10 fold fewer lung metastases than their wildtype class IT or neo + 
alone counterparts. C3H mice inoculated subcutaneously with class II 
K1735 cells have significantly lower frequencies of primary tumors and 
spontaneous metastases, as compared to mice receiving wild type K1735 
inocula. We have also tested the ability of K1735/A k cells to immunize 
against wild type tumor. Autologous C3H mice immunized with fixed 
class n + K1735 cells and challenged i.p. 1-3 months later with wild type 
K1735 tumor have greatly reduced primary tumor growth and 
spontaneous metastasis formation relative to naive, unimmunized 
recipients. These studies indicate that transfection and expression of 
syngeneic MHC class II genes significantly reduces the metastatic 
potential of a mouse melanoma, and provides an immunization stategy 
for protecting against subsequent metastatic disease. 



NZ409 THE RETROVIRAL VECTOR MFG ALLOWS HIGH 
EFFICIENCY TRANSDUCTION OF HUMAN 
PROSTATE CANCER CELLS: IMPLICATIONS FOR GENE 
THERAPY OF PROSTATE CANCER. Martin G. Sanda, 
sujatha Ayyagari, Liz Jaffee, Drew M. Pardoll, 
Richard C. Mulligan, and Jonathan W. Simons, 
Oncology Center and Brady Urological 
Institute, Johns Hopkins Hospital, Baltimore, 
MD, and the Whitehead Institute, HIT, 

SraddtesseT'the feasibility of gene therapy 
for human prostate cancer using «n 
amyotrophic and replication *f«« ct ^ 
retroviral vector lacking the gag, pol, and 
env genes. First . conditions optimizing 
transduction efficiency using MFG 7^ Z 
(containing the gene .encoding beta- 
galactosidase) were identified with 
transduction of four long term human prostatic 
adenocarcinoma cell lines. DEAE-dextran dose 
and virus-target coincubation titration 
demonstrated optimum transduction efficiency 
at 80ug/ml of DEAE-Dextran with 5 *°" r f « 
taraet exposure to viral supernatant. Using 
these conditions, 21-82% transduction 
efficiency was achieved. We then used these 
conditions to transduce prostate cancer cells 
from patients undergoing ra . dx 5«; 
prostatectomy. Cultured cells <^ived : from 
surgical specimens were confirmed to be of 
prostatic P epithelial origin by «o- 
histochemical detection of luninar JP^alM! 
specific cytokeratin 18, and by detection of 
Prostate Specific Antigen (PSA) secretion by 
thele cells. 200 - 300 fold expansion was 
achieved in vitro prior to / e "^cence of 
cultured cells. Efficient transduction by MFG- 
lacz of such primary culture prostate cancer 
cells from 7 consecutive patients (trans- 
duction efficiency range, 4.3% to 50%; median, 
15 2%j demonstrates the feasibility of using 
MFG in genetic therapy for prostate cancer. 
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THE ENDOCUT NEEDLE: ENDOSCOPIC CORE BIOPSY 
WITHOUT NEEDLE TRACK SEEDING. *Chris J Parker, 
♦Brian R Birch and Ronald A Miller. London, UK. 
(Presentation to be made by Dr Birch). 

The Endocut Needle (Cook Urological) is the 
first spring loaded, automatic, core biopsy 
needle which can be passed via the instrument 
channel of a cystoscope, nephroscope or 
laparoscope. Biopsy procedures can be carried out 
.■nder sedation and local anaesthesia as day- 
cases. A prospective study of 10 consecutive 
patients requiring prostatic biopsy was carried 
to assess the accuracy and acceptability of this 
new instrument. 

After preliminary cystoscopy prostatic 
biopsies were taken x2 with the endocut needle 
(EN) per urethram (direct vision) and x2 with a 
Trucut needle (TN) per rectum (blind). Four 
patients subsequently underwent prostate 
resection (TURP) and the material so obtained was 
compared with that from earlier EN and TN biopsy. 

Prostatic tissue was obtained in all (20/20) 
cases of EN biopsy but fat/fibrous tissue only 
was reported in 3/20 TN biopsies. EN biopsy 
histology was compatible with TURP material in 
all k cases. TN biopsy agreed in just 3/4 cases 
missing one diagnosis of carcinoma. EN biopsy was 
preferred to TN biopsy by all patients 

It is evident that EN biopsy is accurate (an 
echogenic needle is available where ultrasound 
localisation is required), preferred by patients, 
reduces the risk of sepsis and operator injury 
and provides core samples suitable for 
histological examination. In the prostate this is 
achieved without the risk of needle-track 
seeding. Synchronous endoscopic and histological 
assessment of prostate (or bladder) tumours can 
then be performed as an out-patient. 
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LYMPHOKINE-TRANSFECTED PROSTATE CANCER 
CELLS GENERATE AN ANTI-TUMOR EFFECT IN VIVO. 
*D. Branch Moody, *Chartes M. Ewing and *WilIiam B. Isaacs. 
Baltimore. Maryland. (Presentation by D. Branch Moody) 

We demonstrate an anti-tumor effect of lymphokine- 
transfected tumor cells against an anaplastic, rapidly growing 
rat prostate carcinoma. Lymphokine-secreting tumors were 
prepared by transfecting cDNA for Interteukin 2 (IL2) and 
Interleukin 4 (IL4) into the r^AT LyLu (MLyLu) subline of the 
Dunning rat prostate carcinoma. Injection of the 7x1 0 5 MLyLu 
cells produced lethal tumors in 100% of control rats; whereas, 
the same number of IL2-transfected MLyLu cells produced no 
tumors in 32 animals. The lymphokine-transfected cell therapy 
gave partial protection against subsequent injections of 
parental tumor. Ten of 20 animals injected with parental tumor 
2-3 weeks after treatment showed no tumor growth. Animals 
suffered no readily apparent toxicity from the treatment. 
Currently, experiments are underway to further define the 
duration of the anti-tumor effect, maximal tumor burden which 
can be treated with IL2-transfected tumor, as well as potential 
synergy between cells transfected with IL2 and cells 
transfected with IL4. The results indicate that interleukin- 
secreting prostate cancer cells result in the rejection of an 
otherwise lethal prostate cancer cell inoculum and give short 
lived partial protection against subsequent challenge with 
parental tumor cells. This work is the first use of this novel 
lymphokine therapy of prostate cancer in animals. 
(DBM supported by American Cancer Society Institutional 
Research Grant.) 
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A NOVEL MULTIDRUG RESISTANCE-1 RELATED PRODUCT 
SYNTHESIZED EXCLUSIVELY DURING THE REGRESSION OF THE 
RAT VENTRAL PROSTATE GLAND. Han J. Leibovitch, Carl A 
Olsson, Bertad Goldwasser and Ralph Buttyan, New York, NY and Tel 
Hashomer, Israel (Presentation to be made by Dr. Leibovitch). 

The rat ventral prostate gland is an outstanding model to 
characterize the molecular pathway by which programmed death 
(apoptosis) is activated. Castration rapidly induces apoptotis in 
prostatic epithelial cells. As with other cell activities, apoptosis requires 
the synthesis of proteins and RNA; thus we can surmise that some 
produces) made after castration is needed (or the cell to die. We 
have already described constitutive gene products that are induced 
during regression. Other gene products have been identified (sulfated 
glyco-protein-2 and the Yb1 subunit of glutathione S -transferase) that 
are so intensely induced they seem specific for dying cells. Our 
studies on the role of multidrug resistance (MDR) genes in the prostate 
has allowed us to identify another member of this latter category, a 
gene product related to MDR-1 P-glycoprotein. Low stringency 
hybridization of Northern blots containing mRNA from regressing ventral 
prostates shows the intense induction (150-fold) of a 2 kb transcript 
(compared to 4.9 kb for MDR-1 mRNA). While undetectable in normal 
ventral prostate, the expression of this mRNA reaches a peak at 3-4 
days after castration and declines thereafter, being barely detectable 
at 1 week. By screening a cDNA library made from 3-day castrate 
prostate mRN/C we have isolated clones for this gene and sequencing 
studies should determine its relationship to the normal MDR-1 product. 
This finding provides another member of the regression-associated 
products with which to identify genetic elements determining death- 
specific expression. 
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INVESTIGATION OF RETINOBLASTOMA TRANSCRIPTS IN 
PRIMARY PROSTATIC ADENOCARCINOMA 0 . *J.A. Petros, *S.B. 
Dowton. W.J. Catalona. St. Louis, MO (Presentation by Dr. 
Petros) 

Tissue has been preserved from 60 patients whose prostate 
was removed for clinically localized prostate cancer. 
Intraoperative selection of tumor was made, and specimens were 
frozen immediately in liquid nitrogen. Messenger RNA was 
purified by cesium chloride ultracentrafugation and by oligo dT 
resin affinity chromatography. Of 12 specimens investigated to 
date, 4 have shown absence of retinoblastoma (RB) mRNA when 
a cDNA probe which hybridizes with the 5' region of the RB gene 
(kindly provided by Dr. Takahashi, Baylor College of Medicine, 
Houston, TX) was used in RNA blot analysts. Integrity of mRNA 
and uniform RNA application to the gel were documented by re- 
hydridization with an actin probe. These results have not yet 
been reconfirmed by reanalysis of the same samples. If verified, 
these data suggest that the mRNA encoding the RB. protein is 
partially or wnolly absent in some primary human prostatic 
adenocarcinomas. Investigation is currently in progress to 
determine if the 3' region of the RB gene is transcribed in these 
tumors, or if the mRNA is completely absent. Future 
investigations will address the genomic mutation(s) responsible 
for abnormal transcription, as well as correlation with tumor 
behaviour and patient outcome. 

'Supported by NIH Surgical Oncology Training Grant 
#1T32CA09621-02 and the Urological Research Foundation of 
Washington University 
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Hon. Commissioner of 
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Sir: 

I, Donald P. BRAUN, hereby declare and state as follows: 

1 . I am a citizen of the United States of America and am more than 2 1 years of 

age. 
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2. I presently hold the title of Administrative Director of the Medical College 
of Ohio Cancer Institute and Professor of Surgery at the Medical College of Ohio, 3120 Glendale 
Avenue, Toledo, Ohio, where I have been employed since 1999. Prior to this position, I held the 
positions of Director, Scientific Program Development and Professor of Medicine and 
Immunology/Microbiology at the Rush Cancer Institute, Rush Medical College, Chicago, Illinois. 
I hold a Ph.D. and M.S. degrees from the University of Illinois at the Medical Center, Chicago, and 
a B.S. from the University of Illinois, Urbana. I have over 25 years research experience in 
immunology, microbiology, and oncology, particularly cancer immunology. My qualifications are 
set forth more fully on the copy of my Curriculum Vitae, attached as Exhibit A. 

3. My only connection with Avax Therapeutics, Inc. ("Avax"), is as a clinical 
researcher. I understand Avax has licensed certain patents and patent applications by Dr. David Berd 
(solely or with others) related to haptenization of tumor cells to generate an effective anti-tumor 
immunotherapy ("technology") from Thomas Jefferson University. I am not an employee or 
shareholder of Avax. 

4. I know Dr. David Berd professionally. However, we have not collaborated 
on any research. 

5. The law firm of Darby & Darby, attorneys for Applicant, has retained my 

services as an expert in connection with prosecution of these patent applications. In connection with 

these services, I attended and participated in a personal interview with the Examiner on 
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January 5, 2001. The law firm is compensating me for my services. Thus, I have no personal 
interest in Avax or the patent applications. 



6. I have read and am familiar with Berd et al., Proc AACR 1989;20:382 
(hereinafter "Berd 1989"; a copy is attached as Exhibit B). In particular, it is my understanding that 
the claims of the above-identified application have been rejected in part because the Examiner 
believes that Berd 1989 teaches a successful method of inducing an antitumor response comprising 
regression of a metastatic melanoma tumor by administering cyclophosphamide prior to autologous, 
irradiated, DNP-conjugated melanoma cells in combination with BCG. 

7. In my view as one of skill in the art in this field, the Berd 1 989 abstract does 
not describe successfully treating melanoma tumors with a haptenized melanoma tumor cell 
immunotherapy vaccine. The abstract, like most of the abstracts presented at the AACR meetings, 
optimistically reports preliminary observations from a new protocol. Because the abstract omits 
certain details, and because by its own terms the results are preliminary, one of ordinary skill in the 
art would not be able to conclude from this Abstract that one could effectively treat melanoma, much 
less any other type of cancer. Nothing in the Berd 1989 abstract suggests that this approach 
addresses fundamental questions of tumor vaccination (e.g., as posed in a 1993 review on tumor 
vaccination written by myself and Jules Harris, M.D. for the Biotechnology Journal (Volume 1 , No. 
3), entitled "Cancer-Concept to Clinic" (Exhibit C)); which type of immune response are most 
important in a host response to cancer (Exhibit C, p. 28 and Table 1 ); whether whole cells or extracts 
should be used (Id., pp. 28-29); whether to use adjuvants or cytokines (Id., p. 29); and whether an 

,„„ nn . Docket No. 1 225/0C674 
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antitumor response would lead to autoimmunity (Id.). Furthermore, with respect to whole cell 
vaccines, whether to use autologous or syngeneic cells; fresh surgical specimens or cell lines; 
irradiation; reproducibility; and other factors (Id. P. 29, Table 2). The haptenization protocol of the 
Berd 1989 Abstract not only fails to address these variables, but also raises a new issue. 
Consequently, in 1989, one of skill in the art would not have viewed Berd 1989 as establishing an 
effective protocol for cancer immunotherapy. 

8. By way of background, as described during the interview, early work on 
developing tumor vaccines in animal models yielded successes far beyond the reality for humans. 
Animals used in these models are typically immunocompetent, and the tumor cell lines (unlike 
spontaneous tumors) bear one or more strongly immunogenic antigens. Under these circumstances, 
the ability to generate an immune response cannot be viewed as particularly surprising. Unlike 
animal models, human cancer patients are typically immunosuppressed, whether from the tumor or 
chemotherapy. Spontaneous human tumors are weak immunogens. Thus the trick is to determine 
how to break tolerance and elicit immunity in a human subject. In 1992, Hanna and colleagues 
proposed one route, albeit based on animal data; but their results were inconclusive (Exhibit C, p. 
30). Berd and colleagues offered another approach, pretreatment with cyclophosphamide to inhibit 
suppressor T lymphocytes (Id.) In the context of these multiple approaches, it was, in 1989, 
unknown and unknowable whether haptenization was a viable approach to elicit immunity to 
unhaptenized melanoma cells, much less that the approach could have therapeutic potential. 
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9. In my view as one of skill in the art in this field, the Berd 1989 abstract does 
not provide a definitive protocol. The description of the vaccine is ambiguous, stating that 10-25 
million cells are used. It does not state if these are given as a single injection or divided into multiple 
sites, nor does it specify the route of administration (e.g., intradermal, subcutaneous, or 
intramuscular). It does not specify if the injections are given in proximity to tumor sites or even 
directly into the tumor site (a location that one familiar with the literature at the time would assume 
from a reading of this abstract). It does not state how conjugation to DNP was performed or the 
extent of tumor cell substitution. It does not specify the ratio of tumor cells to BCG microorganisms. 
It also does not describe the schedule of vaccination beyond stating that vaccine or DNCB 
sensitization occurred 3 days following low dose cyclophosphamide i.v. administration. The 
statement "after 2 vaccine treatments (8 weeks)" is totally ambiguous. It is not clear if this 
represented a point 4 weeks following vaccine #2, 3 weeks following vaccine #2, 2 weeks following 
vaccine #2, or 1 week following vaccine #2. A vaccination schedule of every 55 days could apply 
to what is described as readily as any of the other schedules listed above. Hanna and Peters (Cancer 
Research 1978;38:204-9, attached hereto as Exhibit D) emphasize the critical importance of dose, 
schedule, route of administration, and ratio of viable tumor cells to BCG organisms in the outcome 
of autologous tumor vaccines. The Berd 1989 abstract, however, provides none of these details, nor 
could they be deduced. Without these details, one of ordinary skill would be unable to practice the 
technology predictably, and furthermore would have little incentive to view this approach as any 
more promising than a myriad of others. 
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10. There is no indication in the protocol that patients have developed an 
immune response to unmodified cells. The opening statement of Berd 1989 indicates that a 
previous method practiced by Berd using non-haptenized tumor cells induced DTH to melanoma 
cells. But in the Berd 1 989 abstract, DTH testing was done only with DNP-modified tumor cells 
or DNP-modified autologous lymphocytes following patient sensitization with topical application 
of DNCB. The positive reactions described in the Berd 1989 abstract are not surprising given the 
experience of Fujiwara (J Immunol 1980;124:863-869; attached hereto as Exhibit E), Sherman (J 
Immunol 1979;123:501-502; attached hereto as Exhibit F), and others using haptens to sensitize 
hosts against haptenized target cells. However, the vaccine protocol of the invention involving 
intradermal injection of hapten-modified autologous tumor cells, results in DTH to autologous non- 
haptenized tumor cells, an event that could not have been anticipated nor expected as a result of what 
is described in the Berd 1989 abstract or from what was known in the literature. 



1 1 . There is no convincing indication that the patients described in the Berd 

1989 abstract received any clinical benefit The descriptions of inflammatory reactions, CD4 and 

CD8 infiltration, and fluid accumulation over tumor lesions is no indication of clinically significant 

tumor regression (defined by those practiced in the art as a greater than 50% reduction in tumor size 

without concomitant progression in other sites). In fact, the description of lesion changes in the 

patients would be expected at the time of its publication, since one would presume based on 

Fujiwara (Exhibit D), that the patients had been sensitized to DNCB and then injected intratumorally 

with DNP-modified tumor cells. A skilled immuno-oncologist would have presumed that the tumor 

cell vaccine, which produced the described physical changes in proximity to tumor sites after only 
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two vaccine treatments, had been administered by intratumoral injection as taught by others (while 
not practiced by the Berd protocol developed subsequent to the 1 989 Abstract). The same outcome 
would have been seen if the patients had been sensitized to BCG and then injected intratumorally 
with BCG. Thus, the description of the lesion changes in the 1989 Abstract would be impossible 
to interpret as indicative of a clinical response to a systemic vaccine. A reader would assume that 
a clinically meaningful tumor regression, if present, would have been reported in the abstract, and 
that the absence of such a report represented uncertainty. 

12. For all of these reasons, the Berd 1 989 abstract does not disclose a method 
for the successful vaccination of cancer patients using haptenized autologous tumor cells. 

13. A final basis for the above statement can be deduced from Exhibit C. As 
discussed above, this review cites the work by Hanna and Hoover (references 7-9), and the work by 
Berd et al. employing non-haptenized melanoma cells (reference 10), among a number of hopeful, 
even promising, research approaches to cancer immunotherapy. Had the Berd 1989 abstract been 
indicative of a clinically meaningful vaccine methodology, that approach would have been 
considered in the review as well. 

14. I declare that all statements made herein of my own knowledge are true, and 

that all statements made on information and belief are believed to be true. I further declare that these 

statements were made with the knowledge that willful false statements and the like so made are 

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
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code and that such willful false statements may jeopardize the validity of the instant application or 
of any patent issued thereupon. 



Date: 




Respectfully submitted, 



Donald P. Braun, Ph.D. 



Enclosure: Exhibit A: Curriculum Vitae of Donald P. Braun, Ph.D. 

Exhibit B: Berd et al., Proc AACR1989;20:382 

Exhibit C: Braun and Harris, Biotechnol J 1993;1 , No. 3. 

Exhibit D: Hanna et al., Cancer Research 1 978;38:204-209 

Exhibit E: Fujiwara et al., J Immunol 1980;124:863-869 

Exhibit F: Sherman, J Immunol 1979;123:501-502 
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Adjuvant Active Specific Immunotherapy for Human 
Colorectal Cancer: 6-5-Year Median Follow-Up 
of a Phase III Prospectively Randomized Trial 

By Herbert C . Hoove r, Jr, Jane S. Brandhorst, Leona C. Peters, Mildred G. Surdyke, Yoshiko Takeshita, 
Juan Madariaga, Larry R. Muenz, and Michael G. Hanna, Jr 



Purpose : Patients with colon or rectal cancer were 
entered onto a prospectively randomized, controlled 
clinical trial of active specific immunotherapy (ASI) with 
an autologous tumor cell-bacillus Calmette-Guerin (BCG) 
vaccine. We Investigated whether ASI could improve 
disease-free status and survival. 

Patients and Methods : Ninety-eight patients with 
Dukes' stage Ba-C 3 colon or rectal cancer were random- 
ized into groups treated by resection alone or resection 
plus ASI. Eighty patients met all eligibility criteria. All 
patients with rectal cancer were to receive 50 Gy of pel- 
vic Irradiation. Analysis of distribution of survival and 
disease-free survival was made on all eligible patients 
until December 31, 1990. 

Results : As a single study, no statistically significant 
differences were detected in survival or disease-free 

COLORECTAL CANCER continues to be one of the 
most prevalent malignancies in the United States, 
with more than 157,000 new cases diagnosed and more 
than 60,000 deaths occurring each year. 1 Although surgical 
resection is usually the only curative therapy, established 
gross metastases and micrometastases commonly frustrate 
these efforts. Despite improved surgical approaches, pa- 
tients with transmural extension of tumor and metastases 
to regional lymph nodes still have 5-year survival rates of 
only 30% to 50% when treated by operative resection 
alone. Adjuvant radiation therapy can lower the incidence 
of local recurrence, but does not control systemic metas- 
tasis, the cause of death in many of these patients. 2 * 4 

Some recently published trials indicate benefit from 
chemotherapy, especially a combination of fluorouracil 
(5-FU) and levamisole in Dukes' stage C colon carci- 
noma, 5 * 6 and a combination of radiation therapy and 5- 
FU/methyl-lomustine (CCNU) chemotherapy for rectal 

From the Division of Surgical Oncology. Massachusetts General 
Hospital, Boston, MA; and Organon Teknika/Biotechnology Research 
Institute, Rockville, MD. 

Submitted January 21, 1992; accepted October 23. 1992. 
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survival for all 80 eligible patients. However, since it 
was recognized at the outset that there were treatment 
differences, in that rectal cancer patients were to receive 
postimmunotherapy radiation, It was considered that a 
cohort analysis of the colon and rectal cancer patients 
might be informative. With a median follow-up of 93 
months, there Is a significant improvement in survival 
(two-sided P = .02; hazards ratio, 3.97) and disease- 
free survival (two-sided P = .039; hazards ratio, 2.67| 
in all eligible colon cancer patients who received ASI. 
With a median follow-up of 58 months, no benefits were 
seen in patients with rectal cancer who received ASI. 

Conclusion : This study suggests that ASI may be ben- 
eficial to patients with colon cancer. 

J Clin Onco/ 1 1. -390-399. © T 993 by American Society 
of Clinical Oncology. 

carcinoma. 7 However, systemic toxicity and drug resis- 
tance continue to limit the usefulness of chemother- 
apy. New approaches are needed to engenck; further 
advances. 

Biologic therapy or biologic response modifier therapy 
has moved beyond the era of nonspecific immunotherapy 
that laid some of the foundation for today's approaches. 
Our efforts have focused on an approach that makes use 
of a patient's own tumor to elicit an immune response. 
This approach is known as active specific immunotherapy 
(ASI). There is now extensive evidence that nr human 
tumors have tumor-associated antigens, althou;:.;* assess- 
ment of specificity of these antigens remains difficult. 8 In 
our use of ASI, we are presuming the presence of distinct 
tumor antigens on tumor cells that are absent on normal 
cells. We are attempting to activate the host defenses 
against these antigenic factors, which are theoretically dis- 
tinctive to each tumor, by increasing the immunogenicity 
of autologous tumor cells with an immunor -ulatirn: 
adjuvant, bacillus Calmette-Guerin (BCG). 

The impetus for this work was the development and 
biologic characterization of an experimental model that 
determined the requirements for effective immunotherap) 
of established tumor. A series of studies in a guinea pig 
line- 10 hepatocarcinoma model 9-15 demonstrated that 
BCG admixed with syngeneic tumor cells can induce sys- 
temic immunity capable of eliminating a limitH dissem- 
inated tumor burden when the vaccine is c; '> con * 
trolled for variables such as the number o: - r ccl,s 
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f IMMUNOTHERAPY FOR COLORECTAL CANCER 

? ratio of viable BCG organisms to tumor cells, viability of 

* the tumor cells, and vaccination regimen. 

r A five-patient pilot study in 1980 demonstrated that 
S we could successfully dissociate human colorectal cancers 
into viable cell preparations and that the toxicity of the 
tumor cell-BCG vaccine was minimal. The principles and 
procedures of ASI, as learned in the guinea pig hepato- 
. carcinoma model, were then applied in a randomized, 
■ controlled trial of patients with colorectal cancer. The de- 
i cision was made to start this trial in a prospectively ran- 
' domized, controlled manner to maximize the information 
I achieved from an extraordinarily labor-intensive and ex- 
pensive trial. The study began at the Johns Hopkins Hos- 
1 pital, Baltimore, MD, in 1981, was transferred to Uni- 
t versity Hospital, Stony Brook, NY, in 1983, and then to 
f the Massachusetts General Hospital, Boston, MA, in 1986. 
* Accrual ended in November 1988 and follow-up extended 
I- to December 1990. The objectives of this study were to 
|\ determine whether ASI could (1) enhance the delayed cu- 
ll 1 taneous hypersensitivity (DCH) response to autologous 
| tumor cells, and (2) prolong the disease-free survival of 
f; these patients. We have reported 16 that immunized pa- 
| tients showed a significant increase in the DCH response 
to autologous tumor cells compared with autologous nor- 
:<| mal mucosa, used as a normal tissue control. Furthermore, 
|i no significant DCH responses against autologous tumor 

* or mucosa cells were detected in a control group of non- 
I immunized patients. The qualitative and quantitative dif- 
I ferences in DCH responses to tumor cells and to normal 
$ mucosa cells suggest that the immunizations are tar- 
If geted mainly to tumor-associated antigens, and that 
I tissue-associated antigens play a secondary role. 

i Correction to the Original Report 17 

i' In 1985, 17 we reported the preliminary clinical results 

* with a mean follow-up of 28 months. In preparing the 
\ follow-up report on that work, we were made aware of 
^ oversights in the 1985 report that we now wish to correct. 
: In 1985, we failed to state that there were patients ran- 
' domized onto the trial who were later excluded as being 

ineligible. These patients are now listed to allow the reader 
to account for every patient randomized. In this final audit, 
eligibility criteria have been more rigidly defined, requiring 
source documentation for all reported data. Thus, some 
patients included in the original report have been reclas- 
sified as to their eligibility. These changes have resulted 
in a total of 42 eligible patients at the time of the 1985 
interim analysis, rather than the 40 patients reported. The 
net change of two patients results from the reclassification 
of six patients. The reclassified patients included two con- 
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trol patients who were later found to be ineligible and 
four treated patients who were reinstated. 

The trial was established as simultaneous studies for 
colon and rectal cancer patients. In the 1985 analysis, all 
patients were combined for analysis because of the small 
number of patients. With the reclassification and a more 
appropriate data analysis, the major conclusion of the 
1985 report is altered in that the apparent advantage of 
immunotherapy is limited to patients with colon cancer. 
There is no perceived benefit in rectal cancer patients. On 
July 31, 1984, of 27 colon cancer patients, 38% of control 
and 14% of treated patients had recurred and 23% and 
0%, respectively, had died. Of 15 rectal cancer patients, 
60% of control and 50% of treated patients had recurred 
and 0% and 10%, respectively, had died. Statistical analysis 
of such small numbers has little power to detect differ- 
ences, but the encouraging advantage in the colon cancer 
patients who received immunotherapy is suggested. 

This report updates that clinical trial with a total of 80 
eligible patients. It accounts for every patient randomized 
and elaborates on the methodology used for the entire 
trial. 

PATIENTS AND METHODS 
Patient Selection and Randomization 

Eligible patients were those with colon or rectal cancers extending 
through the bowel wall (Gunderson and Sosin 18 stages B 2 or Bj) or 
with positive lymph nodes (stages C, , C 2 , or C 3 ) (Table I ) for whom 
adequate cells from the primary tumor were available. Rectal cancer 
was denned as any tumor involving or below the pelvic peritoneal 
reflection. Suitable medical condition to comply with the outpatient 
treatment protocol was required (Eastern Cooperative Oncology 
Group [ECOG] performance status 0 or 1). From 1981 until 1983, 
patients with a history of cancers controlled by surgery, chemotherapy, 
or radiation therapy greater than 5 years from entry into the study 
were considered eligible. Since 1983, to avoid any chance of confusing 
a recurrence from a prior cancer, patients with any prior cancer (except 
basal or squamous cell skin cancer) have been excluded. The issue 
of prior malignancies is the only change in the eligibility criteria as 
the study progressed. Resection of the tumors was performed at Johns 
Hopkins Hospital, Loch Raven Veterans Hospital, Baltimore City 
Hospital, St Agnes Hospital, and Greater Baltimore Medical Center, 
all in Baltimore, MD; University Hospital, Stony Brook, NY; Pen- 
insula General Hospital, Far Rockaway, NY; Northwestern Memorial 
Hospital, Chicago, IL; and Massachusetts General Hospital, Boston, 
MA. These studies were approved by each hospital's human studies 
institutional review board before any patient was entered. Informed 
consent was obtained from each subject. Although patients were ac- 
crued from nine hospitals, 82% of the vaccine preparations were made, 
and ASI patients treated, under the direct supervision of the princi- 
pal investigator (H.C.H.) at Johns Hopkins, Stony Brook, and 
Massachusetts General. The remaining 18% were performed at 
Northwestern and Peninsula General, by personnel trained and 
quality-controlled by the principal investigator's staff, thus minimizing 
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site-to-site variability in vaccine preparation and administration. 
Figure 1 shows the schema for stratification and randomization. 
Randomization was centrally controlled at the institution of the 
principal investigator from a single set of sealed envelopes. Colon 
cancer patients were randomized separately from rectal cancer patients 
with substratification within each of the pathologic stages B 2 through 
C 3 Randomization cards were sequentially drawn in a blinded fashion 
by a protocol nurse from each category at the time (postoperatively) 
the patient was determined to be eligible and signed an informed 
consent form. An initial target sample size was 100 patients. 

Surgical and Pathology Quality Control 

Operative and pathology reports were reviewed carefully for ade- 
quacy of the surgical procedure and accuracy of staging, prompting 
a direct communication with the surgeon or pathologist in any case 
where questions developed. Each eligible patient had wide removal 
of the involved bowel segment, as well as the lymphatic drainage 
area. Involved adjacent organs were resected en bloc. All patients 
had histologically proven clear margins. Five patients were equivocal 
between B, and B 2 stages and have been called B 2 for this protocol. 

Preparation of Autologous Vaccines From Solid 
Primary Tumors 
After resection, the bowel specimen was taken immediately to the 
* hospital pathology department and opened under sterile conditions 
All tumor tissue not required for staging and 2 to 3 g of distal normal 
colon mucosa were excised, placed in sterile tubes with Hanks bal- 
anced salt solution containing 50 M g gentamicin/mL, and earned 
immediately on ice to the laboratory for dissociation and freezing 
using the method reported by Peters et al.' 4 The importance of min- 
imizing damage to the metabolic activity of the cell by careful and 
timely dissociation and optimal cryopreservation has been addressed 
previously. 14 " 17 

A sample of the enzyme-dissociated cell preparation was sent to 
bacteriology for routine culture as previously described 1 or was 
cryopreserved along with the vaccine and later thawed for bactenologic 
testing. 

Clinical Protocol 

Patients with tumors of the appropriate pathologic stages were 
randomized postoperatively either to receive the autologous tumor 
cell-BCG vaccine or to receive no vaccine (Fig 1). Colon cancer and 
rectal cancer patients were in separate but. parallel studies that were 
identical except that postoperative pelvic irradiation was recom- 
mended for all patients with rectal cancer. Before randomization, we 
attempted to screen all consenting patients by chest x-rays, liver ul- 
trasound or computerized axial tomography scans, and carcinoem- 
bryonic antigen (CEA) tests to identify patients with unsuspected 
metastatic disease. The vaccines were started at 4 to 5 weeks after 
tumor resection to allow the patient sufficient time to recover from 
immunologic suppression, which may be induced by anesthesia and 
surgery At 3 to 4 weeks after resection, both control and immunized 
patients were skin-tested with standard recall antigens to evaluate 
immunocompetence and sensitization to tuberculin purified protein 
derivative (PPD). When sufficient cells were available, patients were 
also skin-tested with graded doses (10\ 10 5 , and I0 6 ) of autologous 
tumor and mucosa cells. After 1984. only the 10 6 dose was used, as 
the lower doses proved uninformative. Repeat skin testing with tumor 
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Table 1 . Characteristic! of the ASI Treatment Groups 
(eligible patients only) 



Immunotherapy 
tn-41) 



Control 
(n - 39) 



Chorocte r i s 1 *c 


n 


% 


n 


% 


Age, years 










Mean 


63 








Range 


31-87 




36-80 




Sex 










Male 


27 




24 




female 


14 


34 


15 


38 


Race 










White 


35 


85 


o i 


79 


Black 


5 


12 


5 


13 


Other 


1 


2 


o 


8 


Location of primary* 








28 


Right colon 


10 


24 


1 ) 


Left colon 


14 


34 




31 


Rectal 


17 


41 


16 


41 


Astler-Coller stage 










Colon 






11 


28 


Ba (transmural) 


14 


34 


B 3 (adjacent organ) 


1 


2 


2 


5 


C, (+node, not transmural) 


2 


5 


0 


0 


C 2 (B2 with +node) 


6 


15 


8 


20 


C a (B3 with +node) 


1 


2 


2 


5 



Rectal 

Ba (transmural) 
B 3 (adjacent organ) 
C, (+node, not transmural) 
C a (B2 with +node) 
C 3 (B3 with +node) 
Sire of primary, cm 
Meon 
Range 
Proximal margin, cm 
Mean 
Range 
Distal margin, cm 
Meon 
Range 
No. of +nodes 
(stage C only) 
Mean 

Range 



4 
0 
4 
9 
0 

5.2 
3.0-10.0 

15.4 
2.4-40 

8.6 
1.4-25 



3.2 
1-13 



10 

0 
10 
22 

-0 



0 
2 
8 
0 

5.3 . 
3.0-11.5 

16.3 



6.8 
0.5-18.5 



15 
0 
5 

20 
0 



3.7 
1-23 



Abbreviation: +node, positive node. ( 
•Right colon includes bowel from cecum to midtron.—se colon. ^ 

colon from midtransverse to peritoneal reflection, rer* • = be ow 

toneal reflection to onus. 

cells and mucosa was performed at 6 weeks, 6 months. 
following vaccination when sufficient autologous material was 
able as described previously. 16 Repeat recall antigen tesung was pc 
formed at 6 weeks when possible. . „ wcc i 

Treated patients received one intradermal vaccmat.on pc r 
for 2 weeks consisting of 10' viable, irradiated a «' ol ^ us ^ 
cells and 10' viable BCG organisms, as determined inon ■ ^ 
units. (Fresh-frozen TICE BCG was supplied !-- 
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Control 
(Resection 
only) 



Immunotherapy 
(4-5 weeks 

postop) 



Control 
(Resection 
only) 



Immunotherapy 
(4 -5 weeks 
postop) 



Relapse 



5-FU Chemotherapy 



Survival 



5040R Pelvic irradiation 
(7-8 weeks postop) 



Relapse 



5-FU Chemotherapy 



Survival 

R« 1 Schema for postoperative adjuvant ASI for colorectal cancer. 
PatienU were grouped according to the tumor site (colon or rectal). 
•Each pathologic stage group was then randomized separately. 

; Corporation, Chicago, IL, and was stored at - 70'C) In the third 
week, patients received one vaccination of I0 7 irradiated tumor cells 
alone The first vaccine was placed on the left anterior thigh approx- 
imately 10 cm below the groin crease, the second in a comparable 
location on the right thigh, and the third in the right deltoid area. 
The upper thigh site was chosen because of the large lymph node 
basin in the immediate drainage area. 

' On the days of vaccination, the frozen tumor cells were thawed 
and the vaccines prepared according to procedures detailed previ- 
ously ,5 -' 7 The tumor cells were irradiated with 200 Gy before ad- 
ministration. Experience in the guinea pig model has shown that 
irradiation destroys the tumorogenicity, but not the immunogenics 
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Months since study entry 

Fig 2. Kaplan-Meier curves for survival in the 80 eligible patients 
(colon and rectal). The hazards ratio is 1 .84 in favor of ASI, but the 
two-sided P value is .088. ( ), ASI in alt curves; , control. 



23 no ASf patents 



Months since study entry 

Fig 3 Distribution of months to death in 47 eligible patients with 
colon cancer. The hazards ratio is 3.97 in favor of ASI. The two-sided 
P value is .02. 



of the cells. The BCG was added and mixed with the tumor cells just 
before injection. 

The patients were observed closely after each vaccination for er- 
ythema and induration at the site of injections, fever, lymphadenop- 
athy, or any adverse reactions. Since control patients did not receive 
a placebo injection, blinding of the study was not possible. With only 
objective end points in the study, blinding was not felt to be essential. 

Both control and immunized patients were scheduled for moni- 
toring at 3-month intervals for the first 2 years, every 4 to 6 months 
for the next 3 years, and once a year after 5 years. Complete blood 
cell counts, CEA, and tests of liver and renal function were to be 
performed at each visit Physical examinations, including stool 
guaiacs, were also to be performed at each visit. Chest x-rays were 
scheduled at 6-month intervals, and liver scans and colonoscopy and/ 
or air-contrast barium enemas were to be performed yearly. Most 
patients conformed well to the follow-up schedule. A documented 
histologic diagnosis by percutaneous or colonoscopic biopsy or re- 
operation was required to confirm recurrence of tumor, except in 
cases of lung or liver metastases with unequivocal x-ray or scan 
changes. Abnormal CEA levels alone were insufficient evidence for 
recurrence without histologic or other confirmation. The date of re- 
currence was listed as the date of the first abnormal test result that 
led to the definitive diagnosis of recurrence. At relapse, patients were 
candidates for surgical resection, systemic chemotherapy, or infusional 
chemotherapy depending on the extent and sites of recurrence. 

Statistical Analysis 

Statistical analysis used the Cox proportional hazards model in 
EGRET software (Statistics and Epidemiology Research Corporation, 
Seattle, WA). Informal examination of the empirical hazard function 
indicates the validity of the proportional hazards assumption. All P 
values are two-sided and are based on a Wald test of the treatment 
coefficient in a Cox model that adjusts for stage (B or C). 19 Figures 
2 through 4 display the Kaplan-Meier estimates for the distribution 
of the survival and the disease-free survival. 20 Disease-free survival 
was defined as the time to a recurrence of any malignancy or death, 
censored at December 31, 1990 for living patients. 
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Months since study entry 

Fig 4. Distribution of months to occurrence of ^cmy ™ n 9 nonc / °/ 
dJh in 47 eligible patients with colon cancer The hazards rot.o is 
2.67 in favor of ASI. The two-sided P value .s .039. 



RESULTS 

This report includes all patients (n = 98) who partici- 
pated in the trial between March 1981 and December 
1990 Every patient's record was audited by professional 
medical record examiners and medical 'oncologists and 
found to be accurate for all reported data using verified 
source documentation. Of the 98 randomized patients, 
the only patients not actively followed were four patients 
who were randomized to treatment but withdrew from 
the study before treatment and were lost to follow-up (Ta- 
ble 2) For the 94 randomized patients with complete fol- 
low-up, the median follow-up for 56 colon cancer patients 
is 83 months, and for 38 rectal cancer patients 57 months 
For the 80 eligible patients, the median follow-up for 47 
colon cancer patients is 93 months, and for 33 rectal can- 
cer patients 58 months. No eligible patients have been 
lost to follow-up. 
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The mean weight of the tumor tissue obtained from 
the fresh pathology specimen was 8.3 g (range, 2.8 to 22. 1). 
The dissociation produced a mean yield of 2.2 X 10 7 cells/ 
g tumor (range, 0.5 to 10.6 X 10 7 cells/g). A mean prefreeze 
viability of 85% (range, 69% to 98%) was obtained. After 
thawing, the viability of the tumor cells ranged from 50% 
to 88%, with a mean of 77%. Within these specified via- 
bility percentages, no correlation was seen between post- 
thaw viability and outcome. 

Patient Characteristics 

Ninety-eight patients entered the trial and were ran- 
domly assigned to the immunotherapy or control groups. 
Four of these patients withdrew before treatment and were 
lost to follow-up, leaving a total of 94 patients. As listed 
in Table 2, 14 randomized patients have been excluded 
from the final statistical analysis as ineligible for the stated 
reasons, leaving 80 eligible patients. It should be noted 
that patients excluded because of advanced disease status 
are equally distributed between control and treatment 
groups (Table 2). Most of the inappropriate randomiza- 
tions occurred early in the study, when patients were ran- 
domized in the immediate postoperative period of hos- 
pitalization based on the data available in the chart at that 
time, before the final pathology, operative, or radiology 
reports might show a more advanced stage. Later, patients 
were randomized only after all of the reports were com- 
plete. Patients were not ineligible for randomization on 
the basis of an elevated postoperative CEA alone, but were 
excluded if the CEA never returned to normal (presumed 
to be stage D, n = 3). We realize that excluding patients 
after randomization potentially detracts from th- renefits 
conferred by randomization, especially in a sin*, inal.- 
The two treatment groups were remarkably similar with 



Tumor-Cell Vaccines 

Tumor was dissociated and cryopreserved for 232 co- 
lorectal cancer patients viewed as potential candidates. Of 
these, 80 declined to participate; pathology and operative 
reports excluded 41 on the basis of stage (A, B„ or D) or 
multiple primaries; 10 had other serious medical condi- 
tions; and technical problems with vaccine preparation 
excluded three patients. The remaining 98 consented to 
participate and were randomized. 

The mean time from resection to the beginning of dis- 
sociation was 1.5 hours (range, 0.7 to 3.0), and from dis- 
sociation to cryopreservation was 5.1 hours (range, 2.5 to 
9.0). 



To ble2. Distribution of Potients by Treotment Group 

Treatment Group 
(no. of potients) 



Potients 



Treated Control 



Enrolled (100%) 
Excluded 

Withdrew before treatment 
Treated in error 
Wrong protocol (stage D) 
Ineligible pathology (stage D) 

Elevated (postoperative) CEA 

Previous cancers 

Dual primary 

Total excluded 

Eligible patients ^ 



50 

4 
0 
0 
3 
2 
0 
0 
9 



48 

0 
2 
1 

3 
1 
1 
1 

9 



4 
2 
\ 

6 
3 
1 
1 

18 

80 (8? 1 
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respect to age, sex, race, location of primary tumor, 
pathologic stage, size of primary, extent of colon or rectal 
resection, and, in patients with stage C tumors, number 
of positive regional lymph nodes (Table 1). Five patients 
included as stage B 2 but with equivocal pathology findings 
(B,/B 2 ) were equally distributed between the groups. Two 
were treated patients who failed to respond. Three were 
control patients, only one of whom failed to respond. 

Protocol Violations 

As explained earlier, from 1981 until 1983, patients 
with malignancies controlled more than 5 years earlier 
were considered eligible. Since 1983, patients with any 
prior cancer (except basal cell or squamous cell skin can- 
cers) have been excluded. Only three patients with prior 
malignancies are included in the eligible study patients. 
None of these patients had recurrences that were related 
to their previous tumor. One patient had a prior early (B,) 
rectal cancer that recurred in the bed of the C 3 right colon 
cancer for which she was entered on protocol. The second 
patient had a prior squamous cell carcinoma of the pa- 
rotid, but died of adenocarcinoma metastatic to the lungs 
after entering the trial with a B 2 rectal cancer. The third 
patient had breast cancer treated with a mastectomy and 
radiation therapy 16 years earlier, but died cancer-free 5 

years after entry for a C 2 colon cancer. 

Protocol violations in eligible patients are listed in Table 

3. These were related primarily to patients pursuing ad- 
ditional therapy outside of the protocol or refusing the 
recommended pelvic irradiation for rectal cancer. Inter- 
estingly, there have been no pelvic recurrences in the four 
control patients who received no pelvic irradiation or the 
one treated patient who received only 22 Gy. The treated 
patient who received four vaccines had most of the first 
vaccine leak from the syringe. One patient had an unusu- 
ally intense reaction to her first vaccine and received no 
further vaccines. A second patient with an intense reaction 
had the BCG dose halved in the second vaccine. Two of 
three colon cancer patients in the ASI arm who received 
abdominal irradiation in violation of the protocol show 
no evidence of disease, while the one such patient in the 
control arm has recurred. Since abdominal irradiation 
may decrease relapse rates, 3 this imbalance of ad hoc ther- 
apy could affect the outcome in a small trial. These pa- 
tients with protocol violations are all included in the anal- 
ysis of eligible patients. 

lmmunotherapy-Related Morbidity 

No serious side effects were demonstrated in the im- 
munized patients. Since the therapy was conducted on an 
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Table 3. Protocol Violations 



Site/Stoge 


Violation 


Current Status 


| rOOTOQ pOUOiiia 






Coton/C? 


nuuvum iui v\ * 


NED 


Colon/ 


Abdominal RT & chemotherapy 


NED 


Colon/C 3 


ADOominoi k i 


Alive with 






hematologic 






malignancy 


t.olon/t-2 


4 vaccines 


Died of metastasis 


Colon/B 2 


1 uA^^inxk Anil/ 

I vaccine amy 


NED 


L.oion/t>2 


Yi dose BCG in second vaccine 


NED 


Rectal/d 


OO fSv n( PT 

11 wy oi iv i 


Died of pulmonary 






metastasis 


Dartnt/^*. 


RT started 8 days early 


NED 


Control patients 




Alive with new 




Abdominal RT 






primary 


Kctiulf Oj 


Refused postoperative RT 


Died of pulmonary 






metastasis 


Rectal/C 2 


Chemotherapy 


NED 


Rectal/C 2 


No RT 


Died of pulmonary 






metastasis 


Rectol/Ba 


Refused postoperative RT 


NED 


Rectol/C 3 


Refused postoperative RT 


NED 


Rectol/Ca 


Refused postoperative RT 


Alive with pulmonary 






metastasis 



Abbreviations: RT, radiation therapy; NED, no evidence of disease. 

outpatient basis, meaningful data relative to febrile re- 
sponses to the vaccine are not available. All patients were 
asked to keep their own temperature charts, but few re- 
corded more than a minimal elevation of temperature in 
the first 2 days after receiving the first two vaccines con- 
taining BCG. As expected, all patients developed a su- 
perficial ulceration at the sites of the first and second vac- 
cinations containing BCG. The ulcers usually occurred 
around the third week, were 1.5 to 2 cm in diameter, and 
usually healed within 3 months. Sixty percent developed 
palpable ipsilateral inguinal adenopathy. In each case, the 
adenopathy resolved within 3 months. Satellite ulcers 
within 5 cm of the vaccine site occurred in two patients. 
These resolved without any treatment. One patient had 
an exaggerated response to the first vaccine with indura- 
tion of 15 cm and 8 cm of central ulceration. Healing 
occurred over a period of 3 months. She received no ad- 
ditional vaccines. 

Liver and renal function tests were not altered by the 
immunotherapy. Total lymphocyte counts and absolute 
lymphocyte counts did not change significantly. 

Skin Test Reactivity 

Extensive skin test data on immunized and control pa- 
tients have been published.' 6 Our published data on 24 
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immunized and 1 1 control patients with colorectal cancer 
include some patients from a stage D protocol. All patients 
reacted initially to at least one of the standard recall an- 
tigens. There was no change in recall antigen reactivity 
in the follow-up period, except that all but one of the 
immunized patients converted to PPD-positive. The DCH 
response to autologous tumor cells compared with normal 
mucosa cells was increased significantly (P < .01) in that 
67% of the immunized patients showed a positive re- 
sponse, but only 9% of nonimmunized patients tested 
showed positive reactivity at the comparable postoperative 
period. There was not a similar boost to autologous mu- 
cosa cells in the immunized patients. In the adjuvant trial 
now being reported, 20 of the 4 1 immunized patients were 
tested preimmunization and postimmunization for DCH 
with autologous tumor cells and mucosa. Of these 20 pa- 
tients, 16 (80%) became positive: 86% of colon cancer 
patients and 67% of rectal cancer patients. 

Clinical Outcome 

In our prior interim report of this trial, 17 colon and 
rectal carcinoma patients were analyzed together because 
of the small number of patients. In this report, we analyzed 
the total population and, recognizing the postimmuno- 
therapy treatment difference for rectal cancer patients, 
performed a cohort analysis for colon and rectal carci- 
noma. 

We considered two outcomes: survival and disease-free 
survival. In contrast to the 1985 interim analysis, the Cox 
model analysis provides no evidence of a treatment by 
stage interaction to support such a stratification by stage. 
Furthermore, the study is not powerful enough either to 
test the hypothesis of interaction or to compare treatment 
outcomes for patients separately within stages. Therefore, 
although the randomization was performed by stratifi- 
cation by stage, as well as site, the statistical decision was 
to view stage as dichotomous. 

Table 4 lists the survival data for the 94 randomized 



patients (colon and rectal, eligible and ineligible, with 
complete follow-up), as well as for the 80 eligible patients. 
AH analyses were adjusted for stage. Among the 94 ran- 
domized patients with complete follow-up, 46 received 
ASI and 48 were in the control group. Deaths from all 
causes were included in this analysis. In the total popu- 
lation of patients randomized to ASI compared with the 
control group, the positive trend reported in 1985 17 con- 
tinues, but while the difference is impressive, it is no longer 
significant (P = .068). In the treated colon cancer patients, 
there was a significant survival advantage compared with 
controls (P = .026), with a hazards ratio of 2.83. 

Among the 80 eligible patients, 41 received ASI and 
39 were in the control group. Deaths from any cause were 
included in this analysis. Again, an overall positive trend 
is observed (P = .088), but the only significant survival 
difference (P = .02) was seen in the comparison of the 
ASI-treated colon cancer patients with the controls. The 
hazards ratio was 3.97. 

Figures 2 and 3 show the distribution (using Kaplan- 
Meier 20 estimates) of survival. The Cox regression model 19 
was used to compare treatment groups. Figures 2 and 3 
depict the survival, respectively, for the 80 eligible patients 
combining colon and rectal patients and the 47 colon 
cancer patients. 

Disease-free survival rates among the 80 eligible patients 
are summarized in Table 5. These analyses are expressed 
as disease-free survival using recurrence of any malignancy 
or death. This conservative analysis is of interest, as we 
do not know if this approach to ASI is specific for colo- 
rectal cancer or might confer broader resistance to other 
malignancies. When the occurrence of any rnu lancy. 
or death was evaluated, there was a significant anicrence 
among the colon cancer patients (P = .039; hazards ratio. 
2.67) (Fig 4). When the recurrence event included colon 
tumors only, there was a statistically significant difference 
between the treated and control colon cancer patients (P 
= .03; hazards ratio, 2.97). . 



Table 4. Summary of Survival . 

1 Co " tr °' Hazards Ratio* . .nfidenee 



Patient Group 


Tumor 


Deaths/Total 


% 


Deaths/Total 


% 


P 


(adjusted for stage) 




Randomized In = 94) 


All 


19/46 


41.3 


26/48 


54.2 


.068 


1.75 






Colon 


7/27 


25.9 


15/29 


51.7 


.026 


2.83 


1. 




Rectal 


12/19 


63.2 


11/19 


57.9 


.772 


1.13 




Assessable In = 80J 


All 


14/41 


34.1 


19/39 


48.7 


.088 


1.84 


1. 




Colon 


4/24 


16.7 


11/23 


47.8 


.020 


3.97 




Rectal 


10/17 


58.8 


8/16 


50.0 


.930 


0.95 





limits 
.13. 7.07 

.24, 12.72 



*A hazards ratio > I favors the treatment group. 
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ASI Treatment 




Control 








Confidence 
limits 


Type of Recurrence 


Tumor 


Recurrence or Deaths/ 
Totd 


% 


Recurrence or Deaths/ 
Total 




p 


Haxords Ratio* 
(adjusted for stocje) 


Any malignancy or death 


All 

Colon 
Rectal 


19/41 
8/24 
U/17 


46.3 
33.3 
64.7 


23/39 
13/23 
10/16 


58.9 
56.5 
62.5 


.147 
.039 
.905 


1.58 
2.67 
1.05 


1.05, 6.76 


primary or second colon 
tumor or death 


All 

Colon 
Rectal 


17/41 
6/24 
11/17 


41.5 
25.0 
64.7 


23/39 
13/23 
10/16 


58.9 
56.5 
62.5 


.112 
.030 
.905 


1.67 
2.97 
1.05 


1.11, 7.94 



*A hazards ratio > 1 favors the treatment group. 

In Figs 3 and 4, it is apparent that late events (> 60 
months) are important in survival and disease-free sur- 
vival. The three late events in the treated group involve 
diagnoses of malignancies unrelated to the primary tumor 
(a second primary colon cancer and two hematologic ma- 
lignancies). In the control group, three of four late events 
were due to progression of the primary tumor and one 
was death due to a new primary tumor (renal cancer). 

DISCUSSION 

This report updates our previously published, prospec- 
tively randomized, controlled trial of ASI in colon and 
rectal cancer. 17 A statistical analysis of this small trial sug- 
gests therapeutic benefit from autologous immunization 
in patients with colon but not rectal cancer, although with 
such small numbers of patients we cannot conclude that 
ASI is of proven therapeutic benefit. 

That colon cancer patients appear to benefit while rectal 
cancer patients do not is of considerable interest. It could 
be that rectal cancers are intrinsically less immunogenic. 
We do not have sufficient data to confirm that hypothesis 
on the basis of DCH reactivity. We are concerned that 
the lack of ASI effect in rectal cancer patients could be 
related to the logistics of the pelvic irradiation. In the 
guinea pig model, the draining lymph nodes must be left 
intact for 21 days following immunization to develop suf- 
ficient immunity to destroy tumor. Rectal cancer patients 
started pelvic irradiation, including the draining lymph 
nodes, within a few days after completing immunization. 
It is possible that the lymph nodes targeted by immuno- 
therapy were destroyed by the irradiation before they could 
have a full impact on the immunologic response. 

We now have three lines of evidence that ASI has an 
immunologic impact in patients with colon cancer: (1) 
we have previously reported a significant boost in reac- 
tivity (48-hour DCH) to autologous tumor cells in vac- 
cinated patients' 6 ; (2) we have reported the use of pe- 
ripheral-blood lymphocytes from these immunized 



patients as sources for the development of stable clones 
of human B lymphocytes that produce colon and rectal 
tumor-specific monoclonal antibodies 22 (lymphocytes 
harvested from the peripheral blood of unimmunized 
patients are less likely to contain cells that produce tu- 
mor-specific monoclonal antibodies); and (3) the sus- 
tained differences in clinical outcome between immu- 
nized and nonimmunized groups of patients with colon 
cancer in our study are encouraging, even with the small 
numbers. 

How can we explain our modest gains in the face of so 
many past failures of attempts to control malignant disease 
by immune manipulations? A reappraisal of the past fail- 
ures in the light of current studies in experimental animal 
models may clarify the reason for the failures and suggest 
other new immunologic approaches. Our clinical protocol 
emerged from biologic principles derived from nearly 8 
years of investigation with the guinea pig line- 10 hepa- 
tocarcinoma model. Studies in the guinea pig model 
demonstrated that BCG mixed with tumor cells is effective 
in inducing a degree of systemic tumor immunity capable 
of eliminating a limited disseminated tumor burden. Fur- 
ther studies demonstrated the feasibility of preparing tu- 
mor-cell suspensions from enzymatically dissociated solid 
tumors without loss of immunogenicity, a requirement 
for the preparation of human tumor vaccines. 14 It was 
possible in this model to demonstrate that allogeneic cells, 
dead cells, or cell components (antigen extracts) were not 
effective. It also was demonstrated that BCG components 
were not effective substitutes for whole viable BCG cells. 
Autologous tumor cells alone or BCG alone were not ef- 
fective. 

Past attempts at controlling colon cancer by immu- 
nologic means have used primarily nonspecific immu- 
nomodulators, none of which have significantly altered 
the course of the disease. Interestingly, the National Sur- 
gical Adjuvant Breast and Bowel Project protocol C-01 
reported a survival advantage in favor of BCG scarification 
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treatment over resection alone in patients with Dukes' 
stage B and C carcinoma of the colon." However, further 
investigation disclosed that the survival advantage in favor 
of BCG was a result of a diminution in non-cancer-related 
deaths. Deaths from cardiovascular-related sequelae were 
twice as common in the untreated control group as in 
the BCG-treated cohort. In the present study, there were 
two non-cancer-related deaths, one in the control colon 
cancer group and one in the ASI-treated colon cancer 

8r °Most human trials with tumor vaccines have had at 
le ast one major variation from the requirements listed 
above for successful immune stimulation with ASI. Most 
have used tumor cells of low viability, an absolute pre- 
dictor of failure in our model. Such cells disintegrate rap- 
idly and do not provide the necessary sustained antigenic 
stimulus to the regional lymph nodes. Others have used 
allogeneic cell lines. Unless cross-reacting tumor antigens 
are shared by the donor and recipient, allogeneic vaccines 
are destined to fail. 

• In the guinea pig model, the success of therapy is in- 
versely proportional to the number, size, and location of 
metastases present at the time of treatment. It is unlike y 
that even the most optimal vaccination regimen could 
control large tumor burdens. Studies in the guinea pig 
model have suggested that ASI can become a meamngful, 
integral part of combination therapy, when coupled with 
conventional chemotherapy or additional biologic ther- 
apy 24 Studies have shown that chemotherapy acts syn- 
ergistically with ASI in the eradication of pulmonary mi- 
crometastases if a precise sequence of immunotherapy 
and chemotherapy is followed. 2 " 6 The mechanism for 
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this synergistic interaction appears to be an immune-me- 
diated breakdown of the normal anatomic and vascular 
barriers in solid tumors, allowing greater access of blood- 
borne chemotherapeutic agents to the tumor cells. 

We are attempting to verify the potential efficacy of 
ASI therapy through prospectively randomized studies 
underway under the auspices of the ECOG using ASI in 
an adjuvant setting in Dukes' stage B and C colon cancer 
patients The Dukes' stage C study evaluating ASI alone 
has been closed with adequate accrual for reliable assess- 
ment and accrual continues with the Dukes' stage B colon 
patients. A second phase III trial has been initiated com- 
bining immunotherapy and chemotherapy in patients with 
advanced disease. With the recently reported benefits from 
adjuvant 5-FU and levamisole,'- 7 our adjuvant protocols 
have been altered to include 5-FU and levamisole in all 
Dukes' stage C colon cancer patients. This will give an 
optimal opportunity to determine the efficacy of ASI in 
combination with chemotherapy in the adjuvant setting. 

ACKNOWLEDGMENT 
This has been a labor-intensive, long-term study involving several 
institutions and a great number of people. We would lite to ac- 
knowledge the invaluable contributions of the following: Johm Hop- 
Wns Hospital, Baltimore, MD — Ruth Dangel, RN, Suzanne r.oven, 
MDiSUteUnive^^ 

MD Laura H. Yedvobnick, PA. Valerie Kuemmel, PA, Karen Wer- 
ner/BS, Padmanabhan Siddharth, MD; Nor*weste m J4enAonal 
Hospital, Chicago, IL-Steven Rosen, MD, Al Benson, MD, Hden 
Salwen, MS; Peninsula General Hosp.tal, Far Rockaway, 1 NY-Ber- 
nard Unter, MD, Nabil Kindly, MD. Patricia Magowan^N, Ftadbp 
Rocco; and Massachusetts General Hospital, Boston. MA-Nmcj 
Harris. MD. Deborah Mayer. RN, MSN. OCN, Graeme Fisher. 
MD, Laura Matson, Kathleen Naughton. 



1. Boring CC, Squire TS, Tong T: Cancer statistics, 1991. CA41: 
' 9 ZTeppl JE: Radiation therapy of colorectal cancer. Cancer 51: 

radiation therapy for colonic carcinoma. Ann Surg 206:694-698 1987 
4 SwinSLinal Tumor Study Group: Prolongate of the dis- 
ease-free interval in surgically treated rectal carcinoma. N Engl J 

therapy of large bowel carcinoma: An evaluation ^of levamisole and 
the combination oflevamisole and fluorouftaL J Clin Onco. 7:.447- 

'TmSL CG. Fleming TR, MacDonald JS. et al: Levamisole 
and fluorouracil for adjuvant therapy of resected colon carcinoma. 
N Enel J Med 322:352-358, 1990 

7. Krook JE, Moene. CG. Gunderson LL. e, a, ^ ^nl 
adjuvant therapy for high-risk rectal carcinoma. N Engl J Med 324. 
709-715, 1991 



REFERENCES 

8. Kennett RH. Jonak ZL. Bectol KB: Monoclonal anuses 
against human tumor-associated antigens, in Ke " n f * H ' "f^™. 
T* Bechtol KB (eds): Monoclonal Antibod.es: Hybndoma* A Ne* 
Dimension in Biological Analyses. New York. NY. Plenum, 1980. 

PP 9 55 HSna MG Jr. Brandhorst JS. Peters LC: Active specific im- 
munotherapy of residual micrometastasis: An evaluation of sources, 
doses and ratios of BCG with tumor cells. Cancer lmnv. , ol lm 
munother 7:165-173, 1979 

1 0 Hanna MG Jr. Peters LC: Specific immunotherap. -suhv 
lished visceral micrometastases by BCG-tumor cell vacanc a.one 
as an adjunct to surgery. Cancer 42:2613-2625. 1978 fi 
1 , Hanna MG Jr. Pollack VA, Peters LC, et al: Art.ve-spec'ftc 
immunotherapy orestablished micrometastases with BCG p us turn 
""vaccines: Effective treatment of BCG side effects with ison.azid 

°T££^cZ Peters LC. Brandhorst JS, et Thcraoyof 
spontaneous metastases with an autologous tumor vaccine .n a pumc 
pig model. J Surg Res 30:409-415. 1981 



IMMUNOTHERAPY FOR COLORECTAL CANCER 

13 Key ME, Hanna MG Jr. Mechanism of action of BCG-tumor 
cell vaccines in the generation of systemic tumor immunity: 1. Syn- 
ergism between BCG and line 10 tumor cells in the induction of an 
inflammatory response. J Natl Cancer Inst 67:853-861. 1981 

14 Peters LC, Brandhorst JS, Hanna MG Jn Preparation of im- 
munotherapeutic autologous tumor cell vaccines from solid tumors. 
Cancer Res 39:1353-1360, 1979 

15 Peters LC, Hanna MG Jn Active-specific immunotherapy or 
established micrometastasis: Effect of cryopreservation procedures 
on tumor cell immunogenicity in guinea pigs. J Natl Cancer Inst 64: 

1521-1525, 1980 

1 6 Hoover HC Jn Surdyke M, Dangel R, et al: Delayed cutaneous 
hVDersensiuvity to autologous tumor cells in colorectal cancer patients 
immunized with an autologous tumor <xll: Bacillus Calmette-Gu6nn 
vaccine. Cancer Res 44:1671-1676, 1984 

17 Hoover HC, Surdyke MG, Dangel RB, et al: Prospectively 
. randomized trial of adjuvant active-specific immunotherapy for hu- 
man colorectal cancer. Cancer 55:1236-1243, 1985 

18 GundersonLL,SosinH: Areas offailure found at reoperation 
following "curative surgery" for adenocarcinoma of the rectum: 

: ' ainicopathologic correlation and implications for adjuvant therapy. 
i Cancer 34:1278-1292, 1974 

P 19. Cox DR: Regression models and life tables (with discussion). 
J R Stat SocB 34:187-220, 1972 



399 

20 Mantel N: Evaluation of survival data and two new rank order 
statistics arising in its consideration. Cancer Chemother Rep 50: 163- 

21 Armitage P: Exclusions, losses to follow-up, and with- 
drawals in clinical trials, in Shapiro SH, Lous TA (eds): Clinical 
Trials, Issues and Approaches. New York v ||£, Dekker, 1988, pp 
99-113 

22. Haspel MV, McCabe RP, Pomato N, et al: Generation of 
tumor cell-reactive human monoclonal antibodies using peripheral 
blood lymphocytes from actively immunized colorectal carcinoma 
patients. Cancer Res 45:3951-3961, 1985 

23 Wolmark N, Fisher B, Rockette H, et al: Postoperative ad- 
juvant chemotherapy or BCG for colon cancer Results from NSABP 
Protocol C-01. J Natl Cancer Inst 80:30-36, 1988 

24. Berd W, Maguire HC, Mastrangelo MJ: Induction of cell-me- 
diated immunity to autologous melanoma cells and regression of 
metastases after treatment with a melanoma cell vaccine preceded 
by cyclophosphamide. Cancer Res 46:2572-2577, 1986 

25. Hanna MG Jr, Key ME: Immunotherapy of metastases 
enhances subsequent chemotherapy. Science 217:367-369, 
1982 

26. Key ME, Brandhorst JS, Hanna MG Jr. Synergistic effects of 
active specific immunotherapy and chemotherapy in guinea pigs with 
disseminated cancer. J Immunol 130:2987-2992, 1983 



I 



CURRICULUM VITAE 
Donald P. Braun, Ph.D. 

January, 2000 

BUSINESS ADDRESS: Medical College of Ohio Cancer Institute 

Medical College of Ohio 
3120 Glendale Avenue 
Toledo, Ohio, 43614 
Phone: 419-383-6632 
Fax: 419-383-6714 
e-mail: dbraun@mco.edu 

HOME ADDRESS: 14954 Stonehaven Dr. 

Perrysburg, Ohio, 43551 

PERSONAL: Born: New York, NY; March 7, 1950 

SS # 355-44-2224 
Married: Judy Braun 
Children: Jennifer, Matthew, Bethany 

EDUCATION AND TRAINING: 

1972 University of Illinois, Urbana, IL, B.S. degree. 

1974 University of Illinois at the Medical Center, Chicago, IL, M.S. degree. 

1976 University of Illinois at the Medical Center, Chicago, IL, Ph.D. degree. 

CHRONOLOGY OF EMPLOYMENT: 

1976- 1977 Research Associate, Department of Microbiology, University of Illinois at the 

Medical Center, Chicago, IL. 

1977- 1978 Instructor, Department of Microbiology, University of Illinois at the Medical 

Center, Chicago, IL 

1978- 1979 Research Associate, Section of Medical Oncology, Rush-Presbyterian-St. Luke's 

Medical Center, Chicago, IL. 

1979- 1980 Instructor, Department of Medicine; Assistant Professor, Department of 

Immunology/Microbiology, Rush Medical College, Chicago, IL. 
198 1-1983 Assistant Professor, Department of Medicine; Assistant Professor, Department of 

Immunology/ Microbiology, Rush Medical College, Chicago, IL. 
1983-1987 Associate Professor, Department of Medicine; Assistant Professor, Department of 

Immunology/Microbiology, Rush Medical College, Chicago, IL. 
1987 Associate Professor, Department of Medicine; Associate Professor, Department 

of Immunology/Microbiology, Rush Medical College, Chicago, IL. 



Donald P. Braun, Ph.D. 



Page 2 



1989 Associate Director, Section of Medical Oncology (for Research); Associate 

Professor, Department of Medicine; Associate Professor, Department of 
Immunology /Microbiology, Rush Medical College, Chicago, IL. 

1993-1999 Director, Scientific Program Development. Rush Cancer Institute. 

1993- 1999 Professor of Medicine and Immunology/Microbiology. 
1999-present Administrative Director of the Cancer Institute, Medical College of Ohio 
1999-present Professor, Department of Surgery, Medical College of Ohio. 

FEDERAL GOVERNMENT/PUBLIC ADVISORY COMMITTEES: 

1982-1984 Member, Experimental Therapeutics Study Section, National Cancer Institute. 
1983,1985 Member, Small Business Innovation Grant Review Study Section, NCI. 
1985-1988 Member, Experimental Therapeutics I Study Section, NCI. 
1985 Chairman, Experimental Therapeutics Special Study Section, NCI. 

1985- 1992 Biological Response Modifier Committee, Illinois Cancer Council 

1986- present Reviewing Member, Arizona Disease Control Research Commission. 
1988-1989 Member, Chicago Leukemia Research Society. 

1988-1989 Member, Small Business Innovation Grant Review Study Section, NCI. 
1990, 1993 Ad Hoc reviewer, Experimental Therapeutics Study Section 1, NCI. 
1991 ! 1992 Ad Hoc reviewer, Immunology and Immunotherapy Study Section, American 
Cancer Society-National Division. 

1994- 1998 Member, Immunology and Immunotherapy Study Section, American Cancer 

Society-National Division. 
1999-present Advisory Member, "Molecular Targets for therapy of. Lung Cancer", National 

Cancer Institute/CTEP. 
1999-present Advisory Member, Ohio Cancer Incidence Surveillance System 
2000 American Cancer Society Immunology and Immunotherapy Study Section, National 

Division-ad hoc review. 



CONSULTANT POSITIONS: 

Burrough's Wellcome, 1983-1984 
Pfizer Pharmaceutical, 1986-1988 
Boehringer Mannheim, 1991-1993 
Abbott Laboratories, 1993 

Institute for the Study and Treatment of Endometriosis, 1990-present 

Adeza Biomedical, 1993 

Imutec Corporation, 1993-present 

Imutec Corporation; Chairman, Medical Advisory Board, July, 1995-present. 
RxKinetic Inc.; Chairman, Medical Scientific Advisory Board. 1997-present. 



Donald P. Braun, Ph.D. Pa S e 3 

COMPETITIVE EXTRAMURAL GRANT AWARDS: (note: as Principal Investigator or co- 
Principal Investigator only) 

1. "Cancer Drug Effects on Patient Suppressor Cells" . Source: NIH/NCI # CA27598 
Period of Support: 09/01/80-03/31/87; as co-Principal Investigator. 

2. "Immune Testing in Lung CA During Specific Immunotherapy". Source: NIH/NCI # 
CA26138. Period of Support: 07/01/80-06/30/83; as co-Principal Investigator. 

3 "A Phase I Clinical Trial of Natural and Recombinant Interleukin-2 (IL-2). 

Source: NIH/NCI # RFA No-1-CM47667-BRM-MA01. Period of Support: 09/30/84- 
03/31/87. Subcontract from the Illinois Cancer Council; as Laboratory Principal 
Investigator for Rush Component. 

4 " Phase IB and/or Phase II Clinical Trial of Natural and Recombinant Interleukin-2 (IL-2) . 
Source: NIH/NCI # RFA No- 1 CM47667-03 BRM-MA-04 . Period of Support: 09/29/85- 
02/28/89. Laboratory Principal Investigator for Rush Component. 

5. "Arachidonate Metabolism in Cancer Patient Macrophages". Source: NIH/NCI # 
CA41741 .Period of Support: 07/01/88-06/30/92; as Principal Investigator. 

6. "LAK Function in Tumor-Infiltrating Leukocytes of Cancer Patients" . Source: American 
Society of Clinical Oncology- 1990 Young Investigator Award to E. Staren, M.D.; as 
Mentor. 

7. "Cancer Patient Macrophage Function in Tumor Environments". Source: NIH/NCI 
#CA58922. Period of Support: 12/31/92-07/01/96 as Principal Investigator. 

8 "American Cancer Society New Investigator Grants in Cancer Research". Source: 
American Cancer Society. Period of Support: 06/3 1/95-07/01/97 as Principal Investigator. 

9. "Cancer Drug Modulation of Tumor Sensitivity to Macrophages". Source: NIH/NCI, 
period of support: 12/01/00-1 1/30/05, as Principal Investigator, status-pending. 

10 "Cyclooxygenase Metabolism in Cancer Patient Psychoneuroimmunology". Source: 
American Cancer Society. Period of Support: 01/01/01-12/31/06, as Principal 
Investigator. Status-pending. 



NONCOMPETITIVE EXTRAMURAL FUNDING: (as principal or co-principal investigator) 

1 . "The Effect of CGS13080, CGS14854 and CGS53913 on Arachidonic Acid Metabolites 
and Immune Status of Patients with Solid Tumors". Source: Ciba-Geigy. Period of 
Support: 10/01/87-09/30/88; as Principal Investigator. 



Donald P. Braun, Ph.D. 



Page 4 



2. "Phase III Protocol for Evaluation of Combined Modalities in the Treatment of Colonic 
Carcinoma with Positive Nodes, Duke's C, Surgical Resection Alone vs. Postoperative 
Immunotherapy followed by Chemotherapy". Source: Litton Institutes. Period of 
Support:06/30/88-present; as Laboratory Principal Investigator for Rush. 

3. "Immunologic Testing and Limited Feldene Administration to Patients with Upper 
Aerodigestive Tract Squamous Cancer". Source: Pfiser Laboratories, Pfiser Inc. 
Period of Support: 10/01/89-06/30/91; as Principal Investigator. 

4. "Macrophage Function in Women with Endometriosis". Source: Sterling International. 
Period of Support: 04/01/90-10/01/91; as Principal Investigator for Rush component. 

5 . "Macrophage Regulation of Endometrial Cell Growth in Women with Endometriosis " . 
Source: Sterling International. Period of Support: 03/01/92-10/01/93; as Principal 
Investigator for Rush component. 

6 . "Mechanisms for Modulation of Macrophage Tumoricidal Function in Cancer Patients by 
Virulizin". Source: Imutec Corporation. Period of Support: 02/01/94-12/01/95; as 
Principal Investigator. 

7 . "Immunological Modulation in Pancreatic Cancer Patients treated with Virulizin" . Source: 
Imutec International. Period of Support: 06/30/96-12/31/98; as Principal Investigator. 

8 . " Modulation of Macrophage Cytolytic Function by Virulizin in Endometriosis " . Source: 
Imutec International. Period of Support: 06/30/96-12/31/97; as Principal Investigator. 

9. "Interaction of HIP/PCA particles with leukocytes from Cancer Patients". Source: 
RxKinetix. Period of Support: 01/01/98 - 08/31/2001; as Principal Investigator. 

10. "Endothelin Regulation of Tumor Proliferation and Apoptosis in Human Intracranial 
Malignancy". Source: Abott Laboratories. Period of Support (pending-to begin in 2000); 
as Principal Investigator. 

11. "Amelioration of TNFct effects in endometriosis by Enbrel". Source: Immunex Corp. 
Period of support: 01/01/00-06/30/01. As Laboratory Principal Investigator. 



11. "Hll binding to human cancer cells". Source: Novopharm Biotechnology. Period of 
Support: 05/01/00-09/01/01. As Principal Investigator. 



Donald P. Braun, Ph.D. 
HONORS: 



Page 5 



USPHS Immunology Trainee, 1973-1974. 
USPHA Oncology Trainee, 1974-1976. 

Milan V. Novak Award, University of Illinois, Department of Microbiology, 1977. 
Who's Who in Cancer Research, 1985 
American Men and Women in Science, 1988 

1st place award for original research, American Fertility Society, 1992. 
Chairman, Poster-Discussion Session, AACR, 1994. 

Chairman, Immunology Plenary Session, Vth International Conf. on Endometriosis, 1996. 
Chairman, Rationale for Immunotherapy in Endometriosis: VI World Congress on 
Endometriosis, Quebec City, Canada, 1998. 

ACTIVE MEMBERSHIPS: 

American Association for Cancer Research 
American Chemical Society 

American Association for the Advancement of Science 

New York Academy of Science 

Society of Biology Response Modifiers 

American Fertility Society 

American Society of Reproductive Medicine 



PUBLICATIONS: 
BOOKS EDITED: 

1 . Prostaglandin Inhibitors in Cancer Immunology and Immunotherapy, eds . JE Harris , DP 
Braun and KM Anderson. CRC Press, Boca Raton, FLA, 1994. 

REVIEWS AND BOOK CHAPTERS: 

1 . Dray S, and Braun DP : Some perspectives on the transfer of cell mediated immunity by 
immune RNA. Mol Cell Biochem 25:15, 1979. 

2. Braun DP , and Harris JE: Serial immune function testing to predict clinical disease relapse 
in patients with solid tumors. Cancer Immunol Immunother 15:165, 1983. 

3. Harris JE, and Braun DP : The effect of cytotoxic drugs on imrnunoregulatory cell 
function in solid tumor cancer patients. Clin Immunol Newsletter 5:113-116, 1984. 



Donald P. Braun, Ph.D. 



Page 6 



4. Braun DP , and Harris JE: Effects of cytotoxic chemotherapy on immune function in 
cancer patients. In: Proceedings of the 3rd International Symposium of the Evaluation of 
the Immunomodifiers, 1984. 

5. Braun DP , and Harris JE: Modulation of the immune response by chemotherapy. In: The 
Modulation of Immunity. Mitchell MS (ed), Oxford: Pergamon Press, 1985. 

6. Braun DP , and Harris JE: Effects of cytotoxic chemotherapy on immune function in 
cancer patients. Cancer Treat Symp 1:19-26, 1985. 

7. Braun DP , and Harris JE: Cancer chemotherapy and its impact on the immune system. In: 
Fundamentals of Cancer Chemotherapy. Carter SK, and Hellman K (eds), New York: 
McGraw-Hill, pp 77-97, 1986. 

8. Von Roenn J, Harris JE, and Braun DP : Suppressor cell function in solid tumor cancer 
patients. J Clin Oncol 5:150-159, 1987. 

9. Dmowski WP, Braun DP and Gebel H: Endometriosis: Genetic and Immunologic 
Aspects, in: Current Concepts in Endometriosis. 2nd International Symposium on 
Endometriosis. Alan R. Liss, Inc. New York, p 99-122, 1989. 

10. Dmowski WP, Braun DP and Gebel H: The Immune System in Endometriosis, in 
Modern Approaches to Endometriosis. J. Rock ed. Kluwer Academic Publishers, p 97- 
111, 1991. 

11. Braun DP and Groenwald SL: The Immune System and Cancer, in Cancer Nursing: 
Principles and Practice, third edition. Groenwald SL and Goodman M eds. Jones and 
Bartlett, Boston, MA, pp 70-85, 1993. 

12. Harris, J.E. and Braun, P.P. : Tumor Vaccination, in Cancer: Concept to Clinic. 
Medical Publishing Enterprises. Fair Lawn, NJ; E. Borden, ed. pp. 28-31, 1993. 

13. Braun DP : The Impact of Prostaglandins on Cancer Patient Immunity, in Prostaglandin 
Inhibitors in Tumor Immunology and Immunotherapy. Harris JE, Braun DP and 
Anderson KM, eds. CRC Press, Boca Raton, Florida, pp. 109-129, 1994. 

14. Dmowski WP, Gebel HM and Braun DP . The Role of Cell-Mediated Immunity in 
Pathogenesis of Endometriosis. Acta Obstet. Gynecol. Scand. Suppl. 73:7-14, 1994. 



15. Dmowski WP and Braun DP . Immunological Aspects of Endometriosis. Contemp. Rev. 
Obstet. Gynaecol. 7: 167-171, 1995. 



Donald P. Braun, Ph.D. 



Page 7 



16. Dmowski WP, Braun DP , and Rotman, C. Aspectos Immunologicos de la endometriosis, 
in Reproduction Humana. Remonhi, J, Simon C, Pellicer, A and Bonilla-Musoles, eds. 
McGraw Hill InterAmericana, Madrid, pp 195-204, 1996. 

17. Braun DP and Dmowski WP. Endometriosis: Abnormal Endometrium and Dysfunctional 
Immune Response. Current Opinion in Obsterics and Gynecology. 10:365-369, 
1998. 

18. Dmowski WP, Gebel H, and Braun DP . Decreased Apoptosis and sensitivity to 
macrophage-mediated cytolosis of endometrial cells in endometriosis. Human 
Reproduction. In Press, 1999. 

ARTICLES: 

1 . Braun DP , and Dray S: Immune RNA mediated transfer of tumor antigen 
responsiveness to unresponsive peritoneal exudate cells from tumor bearing animals. 
Cancer Res 37:4138-4144, 1977. 

2. Mortensen RF, Braun DP , and Gewurz H: Effects of C-reactive protein on lymphocyte 
function. III. Inhibition of antigen-induced lymphocyte stimulation and lymphokine 
production. Cell Immunol 28:59-68, 1977. 

3. Braun DP , Hengst J, Moykr M, and Dray S: Antitumor immunity in strain 2 guinea pigs 
immunized with KC1 extracts of LiC tumor cells. J Natl Cancer Inst 60:899-903, 1978. 

4. Mokyr M, Braun DP , Usher D, Reiter H, and Dray S: The development of in vitro 
and in vivo antitumor cytotoxicity in noncytotoxic, MOPC-315, tumor cells. Cancer 
Immunol Immunother 4:143-150, 1978. 

5. Braun DP , Mokyr M, and Dray S: Generation of anti-MOPC-3 15 cytotoxicity in 
uneducated or in vitro educated spleen cells from normal or MOPC-315 tumor bearing 
mice pretreated in vivo with BCG. Cancer Res 38: 1626-1631, 1978. 

6. Mokyr M, Braun DP , and Dray S: Augmentation of antitumor cytotoxicity in spleen 
cells of MOPC-315 tumor bearers. In: Cancer Immunology: Experimental and 
Clinical. Crispin RG (ed), p 211, 1978. 

7. Mokyr M, Braun DP , and Dray S: Augmentation of antitumor cytotoxicity in MOPC- 
315 tumor bearer spleen cells by depletion of glass adherent cells prior to in vitro 
education. Cancer Res 39:785, 1979. 

8. Mokyr M, Bennett JA, Braun DP , Hengst JCD, Mitchell MS, and Dray S: Opposite 
effects of different strains or batches of the same strain of BCG on the in vitro 



Donald P. Braun, Ph.D. 



Page 8 



generation of syngeneic and allogeneic antitumor cytotoxicity. J Natl Cancer Inst 
64:339, 1980. 

9. Cobleigh MA, Braun DP , and Harris JE: Age dependent changes in human peripheral 
blood B cell and T cell subsets: Correlation with mitogen responsiveness. Clin 
Immunol Immunopathol 15:162, 1980. 

10. Braun DP , Cobleigh MA, and Harris JE: Selective effect of cytotoxic chemotherapy on 
immunoregulatory suppressor cells in solid tumor cancer patients. In: Tumor 
Progression. Crispen RG (ed), Philadelphia: Franklin Institute Press, pp 91-102, 
1980. 

11. Braun DP , Cobleigh MA, and Harris JE: Multiple concurrent immunoregulatory 
defects in cancer patients whose peripheral blood leukocytes exhibit depressed PHA 
induced lympho blastogenesis. Clin Immunol Immunopathol 17:89, 1980. 

12. Cobleigh MA, Braun DP , and Harris JE: Quantitation of lymphocytes and T cell 
subsets (To and Tm cells) in disseminated solid tumor cancer patients. J Natl Cancer 
Inst 64: 1041, 1980. 

13. Paque RE, Braun DP , and Dray S: Characterization of lymphoid cell RNA which 
modulates specific cellular immunity. In: Second International Symposium on RNA in 
Development. Academia Sinics, 1980. 

14. Braun DP , and Harris JE: Modulation of immune response by chemotherapy. 
Pharmacol Ther 14:89-122, 1981. 

15. Braun DP , and Harris JE: Effects of combination chemotherapy on immunoregulatory 
cells in the peripheral blood of solid tumor cancer patients: Correlation with rebound- 
overshoot immune function recovery. Clin Immunol Immunopathol 20:143, 1981. 

16. Braun DP , and Harris JE: Relationship of leukocyte numbers, immunoregulatory cell 
function and phytohemagglutinin responsiveness in cancer patients. J Natl Cancer Inst 
67:809, 1981. 

17. Braun DP , Harris JE, Maximovich S, Marder R, and Lint TF: Chemiluminescence in 
peripheral blood mononuclear cells of solid tumor cancer patients. Cancer Immunol 
Immunother 12:31, 1981. 



18. 



Braun DP , Penn RD, Flannery AM, and Harris JE: Immunoregulatory cell function in 
peripheral blood of glioblastoma multiforme patients. Neurosurg 12:31, 1981. 



Donald P. Braun, Ph.D. Page 9 

19. DeBoer KP, Braun DP , and Harris JE: Natural cytotoxicity and antibody dependent 
cytotoxicity in solid tumor cancer patients: Regulation by adherent cells. Clin 
Immunol Immunopathol 23:133, 1982. 

20. Harris JE, DeBoer KP, Vahey AL, and Braun DP : The measurement of leukocyte 
subsets in the peripheral blood of solid tumor cancer patients using monoclonal 
antibody reagents. Med Pediatr Oncol 10:185, 1982. 

21. Taylor SG IV, Saffold P, Braun DP , and Harris JE: To cell involvement in the 
leukocyte adherence inhibition phenomenon. J Natl Cancer Inst 68:549, 1982. 

22. Braun DP , DeBoer KP, and Harris JE: Chemiluminescence, suppression and 
cytotoxicity in peripheral blood mononuclear cells from solid tumor cancer patients. 
Cancer Immunol Immunother 14:86, 1982. 

23. Harris JE, Harris ZL, and Braun DP : Effect of interferon-a on indomethacin sensitive 
immunoregulatory cells. In: Proceedings of the 15th International Leukocyte Culture 
Conference. Parker JW, and O'Brien R (eds), Chichester, England: John Wiley and 
Sons, Ltd., p 635, 1983. 

24. Chiu K, Harris JE, Kroin J, Slayton R, and Braun DP : The immunological response of 
Wistar rats to intracranially implanted C-6 glioma cell line. J Neurooncol 1:365-372, 
1983. 

25. Penn RD, Kroin JS, Harris JE, Chiu K, and Braun DP : Chronic intratumoral 
chemotherapy of a rat brain tumor with cisplatin and flourouracil. Appl Neurophysiol 
46:240-244, 1983. 

26. Braun DP , Nisius S, Hollinshead AC, and Harris JE: Serial immune testing in 
surgically resected lung cancer patients. Cancer Immunol Immunother 15:114-121, 
1983. 

27. Braun DP , Harris ZL, Harris JE, Sandler S, Khandekar J, Locker G, Haid M, Gordon 
L, Shaw J, Cobleigh MA, and Gallagher P: The effect of interferon therapy on 
indomethacin sensitive immunoregulation in the peripheral blood mononuclear cells of 
renal cell carcinoma patients. J Biol Response Mod 2(3): 25 1-262, 1983. 

28. Van Epps SF, Stewart LD, Pandey JP, Fudenberg HH, Harris JE, and Braun DP : 
Immuno-globulin G heavy chain (Gm) allotypes in lung cancer. N Engl J Med 1983. 



29. 



Braun DP , Harris JE, and Rubenstein M: Relationship of arachidonic acid metabolism 
to indomethacin sensitive immunoregulatory function and lymphocyte PGE sensitivity 



Donald P. Braun, Ph.D. 



Page 10 



in peripheral blood mononuclear cells of disseminated solid tumor cancer patients. J 
Immunopharmacol 6(3):227-236, 1984. 

30. Braun DP , Perm RD, and Harris JE: Regulation of natural killer function by glass 
adherent cells in patients with primary intracranial malignancies. Neurosurg 15(1):29- 
33, 1984. 

31. Braun DP , and Harris JE: Effects of combination chemotherapy on PGE mediated 
immunoregulation in the peripheral blood mononuclear cells of solid tumor cancer 
patients. J Biol Response Mod 3:391-396, 1984. 

32. Braun DP , and Harris JE: Abnormal indomethacin sensitive suppression in peripheral 
blood mononuclear cells of cancer patients restricts augmentation by interleukin 2. J 
Biol Response Mod 3:533-540, 1984. 

33. Chiu KM, McPherson LH, Harris JE, and Braun DP : The separation of cytotoxic 
human peripheral blood monocytes into high and low phagocytic subsets by centrifugal 
elutriation. J Leukocyte Biol 36:729-737, 1984. 

34. Braun DP , and Harris JE: Effect of cytotoxic antineoplastic chemotherapy on immuno- 
regulatory leukocytes measured with monoclonal antibodies. Clin Immuno 
Immunopathol 33(l);54-56, 1984. 

35. Leslie WT, Templeton A, and Braun DP : Kaposi's sarcoma in the acquired immune 
deficiency syndrome. Med Pediatr Oncol 12:336-342, 1984. 

36. Braun DP , and Harris JE: Effect of chemotherapy on NK function in the peripheral 
blood of cancer patients. Cancer Immunol Immunother 21:240-245, 1986. 

37. Braun DP , and Harris JE: Abnormal monocyte function in patients with Kaposi's 
sarcoma. Cancer 57:1501-1506, 1986. 

38. Janus TJ, Braun DP , and Harris JE: Modulation of lymphocyte responsiveness to 
phyto-hemagglutinin by micromolecular fibrinogen degradation products. Clin 
Immunol Immuno-pathol 41:26-34, 1986. 

39. Potempa LA, Gewurz H, Harris JE, and Braun DP : Stimulatory effects of the C- 
reactive protein subunit on monocyte function, including release of IL 1. Protides Biol 
Fluids 34:287-290, 1986. 

40. Braun DP , Bonomi PD, Taylor SG IV, and Harris JE: Modification of the effects of 
cytotoxic chemotherapy on the immune responses of cancer patients with a nonsteroidal 
anti-inflammatory drug, piroxicam. J Biol Response Mod 6:331-345, 1987. 



Donald P. Braun, Ph.D. 



Page 11 



41. Harris JE, and Braun DP : Modulation of immune function in cancer patients. Clin 
Physiol Biochem 5:222-226, 1987. 

42. Wiederhold MD, Ondrey F, Anderson KM, Braun DP , and Harris JE: Synthesis of 
eicosanoids by y-interferon differentiated U937 cells. Clin Physiol Biochem 6:21-28, 
1988. 

43. McMannis JD, Fisher RI, Creekmore SP, Braun DP , Harris JE, and Ellis TM: In vivo 
effects of recombinant IL 1. I. Isolation of circulating Leu 19 + lymphokine activated 
killer effector cells from cancer patients receiving recombinant IL 2. J Immunol 
140:1335-1340, 1988. 

44. Harris JE, and Braun DP : Modulation of in vitro antitumor immunity in response to 
the biological activators of IL 1, y-interferon, and GM-CSF in the peripheral blood of 
cancer patients receiving cytotoxic chemotherapy. Ann NY Acad Med 65:16-25, 1988. 

45. Braun DP , Kessler H, Falk L, Paul D, Harris JE, Blaauw B, and Landay AL: 
Monocyte functional studies in asymptomatic HIV-infected individuals. J Clin 
Immunol 8:486-494, 1988. 

46. Staren ED, Braun DP , Harris JE, Bines SD, and Economou SG: Lymphokine activated 
killer cell induction in the peripheral blood mononuclear cells of colon cancer patients. 
Surg Forum 39:447-449, 1988. 

47. Ellis TM, Creekmore S, McMannis J, Braun DP , Harris JE, and Fisher RI: 
Appearance and phenotypic characterization of circulating Leu 19 + cells in cancer 
patients receiving recombinant interleukin 2. Cancer Res 48:6597-6602, 1988. 

48. Braun DP , Taylor ST IV, and Harris JE: Modulation of immunity in cancer patients by 
prostaglandin antagonists. Prog Clin Biol Res 288:444-448, 1989. 

49. Creekmore SP, Harris JE, Ellis TM, Braun DP , Cohen II, Bhoopalam N, Jassak PF, 
Cahill MA, Canzoneri CL, and Fisher RI: A phase I clinical trial of recombinant 
interleukin 2 by periodic 24 hour infusions. J Clin Oncol 7:276-284, 1989. 

50. Staren ED, Economou SG, Harris JE, and Braun DP : Lymphokine activated killer cell 
induction in tumor infiltrating leukocytes from colon cancer patients. Cancer 64:2238- 
2242, 1989. 

51. Braun DP , Siziopikou KP, Casey LC, and Harris JE: The in vitro development of 
cytotoxicity in response to granulocyte/macrophage colony stimulating factor or y- 
interferon in the peripheral blood monocytes of patients with solid tumors. Modulation 



Donald P. Braun, Ph.D. 



Page 12 



by arachidonic acid metabolic inhibitors. Cancer Immunol Immunother. 32:55-61, 
1990. 

52. Harris JE, and Braun DP : The effect of aspirin and other cyclooxygenase inhibitors on 
antitumor immunity. In: Aspirin towards 2000 (G. Fryers, editor), pp. 45-52. Royal 
Society of Medicine. 1990. 

53. Siziopikou KP, Harris JE, Casey L, Nawans Y and Braun DP . Impaired Tumoricidal 
Function of Alveolar Macrophages from Patients with Non-small Cell Lung Cancer. 
Cancer, 68:1035-1044, 1991. 

54. Braun, P.P. , Gebel, H., Rana, N, Rotman, C, and Dmowski, W.P. Peritoneal 
Macrophage Function in Women with Endometriosis., Fertility and Sterility 57: 1203- 
1210, 1992. 

55. Harris, J.E. and Braun, P.P. : Abnormal immunoregulation in human cancer at the 
actual tumor site. In "Combination Therapies. Biological Response Modifiers in the 
Treatment of Cancer and Infectious Piseases. A. Goldstein, ed. Plenum Publishing, 
New York, pp. 197-206, 1992. 

56. Harris, J.E. and Braun, P.P. : Abnormal immunoregulation and the tumor dormant 
state in human cancer. In "Cellular Immune Mechanisms and Tumor Pormancy" (T. 
Stewart, editor). CRC Press, Boca Raton, FLA, pp. 261-280, 1992. 

57. Chu, E., Casey, L.C., Harris, J.E. and Braun, P.P. Suppression of the Pevelopment 
ofTumoricidal Function in Gamma Interferon-treated Human Peripheral Blood 
Monocytes by Lipopolysaccharide: The role of Cyclooxygenase Metabolites. J. of 
Clin. Immunol. 13: 49-57, 1993. 

58. Braun, PP , Aim, M, Chu, E, Casey, L.C., Harris, JE, Wilbanks, G, and Siziopikou, 
KP. The sensitivity of macrophages from Pifferent Anatomical Sites of Cancer Patients 
to Arachidonic Acid Metabolism. Cancer Research 53: 3362-3368, 1993. 

59. Braun, PP , Muriana M, Gebel H, Rotman C, Rana N and Dmowski WP. Monocyte- 
mediated enhancement of endometrial cell proliferation in women with endometriosis. 
Fertility and Sterility 61: 78-85, 1994. 

60. Braun, DP , Gebel H and Dmowski WP. Effect of danazol in vitro and in vivo on 
monocyte-mediated enhancement of endometrial cell proliferation in women with 
endometriosis. Fertility and Sterility 62: 89-95, 1994. 



Donald P. Braun, Ph.D. Page13 

61 Gebel HM, Braun DP , Rotman C, Rana N and Dmowski WP. Decreased in vitro 
production'of IgG in women with severe endometriosis. Amer. J . Reprod. Immunol. 
29: 124-130, 1993. 

62 Dmowski WP, Gebel HM and Braun DP . The role of cell-mediated immunity in 
pathogenesis of endometriosis. Acta Obstet Gynecol Scand 159: 7-14, 1994. 

63 Gebel HM, Rana N, Braun DP , and Dmowski WP. Differential Expression of VLAB1 
(CD29) on'monocytes from patients with endometriosis. Amer J Reprod Immunol 34: 
317-322, 1995. 

64 Rana N, Braun DP , Rotman C, Gebel HM and Dmowski WP. Cytokine Synthesis by 
peritoneal macrophages in patients with endometriosis. Fertility Sterility,65:925- 
931,1996. 

65 Braun DP , House R, Gebel HG, Rana N, and Dmowski WP. Cytokine synthesis by 
peripheral'blood monocytes of patients with endometriosis. Fertility and Sterility 65: 
1125-1129, 1996. 

66 Braun DP and Preisler HD. Cytolytic Activity of Peripheral Blood Blast Cells from 
Patients with Acute Myeloid Leukemia. Leukemia and Lymphoma 27: 459-467, 1997. 

67 Siziopikou KP, Ahn M, Casey LC, Silver M, and Braun DP. Augmentation of impaired 
tumoricdal function in alveolar macrophages from lung cancer patients by coculture 
with allogeneic lymphocytes. Cancer Immunol. Immunother. 45:29-36, 1997. 

68 Ahn M, Siziopikou KP, Casey LC, Harris JE and Bj^unJDR Suppression of 
tumoricidal function in alveolar macrophages from lung cancer patients by Interleukin- 
6. Cancer Immunol. Immunother. 45: 37-44, 1997. 

69. Ono N, Click R, Kroin J. Perm RD and Braun DP. Effect of IGF inhibitor on 
proliferation of rat C6 glioma and human glioma explants. Submitted to J. 
Neurosurgery. 

70 Braun DP , Gebel HG, Rana N, and Dmowski WP. Cytolysis of eutopic and ectopic 

endometrial cells by peripheral blood monocytes and peritoneal macrophages m women 
with endometriosis. Fertility and Sterility 69: 1103-, 1998. 

71. Gebel HG, Braun DP, Frame D, Tambur A, Rana N and Dmowski WP. Spontaneous 
Apoptosis in eutopic and ectopic endometrium from women with endometriosis. 
Fertility and Sterility 69: 1042-1047, 1998. 



Donald P. Braun, Ph.D. 



Page 14 



72. Wong PY, Staren ED, Tereshkova N, and Braun DP : Functional Analysis of Tumor- 
infiltrating leukocytes in breast cancer patients. J. Surg. Res. 76: 95-103, 1998 

73 Wilbanks GD, Ann M, Beck DA and Braun DP . Antitumor cytotoxicity of peripheral 
blood monocytes and peritoneal macrophages from patients with gynecological 
malignancies. Int. J. Gynecological Cancer 9: 427-432, 1999. 

74. Ferdmandi E, BjaunDL Liu C, Zee B, and Ely G. Virulizin: A Review of its 
Antineoplastic Activity. Exp Opin. Invest. Drugs 8: 1721-1735, 1999. 

75 Ortegel JW Staren ED, Faber LP, Warren WH and Braun, DP. Cytokine Biosynthesis 
by Tumor-infiltrating T Lymphocytes from Human Non-Small Cell Lung Carcinoma. 
Cancer Immunology and Immunotherapy, 48:627, 2000. 

76 Ortegel JW, Staren ED, Faber LP, Warren WH and Braun, DP. Modulation of 
Autologous Tumor cytotoxicity by Tumor-infiltrating Lymphocytes from non-Small 
Cell Lung Carcinoma by Type 2 Cytokines and Transforming Growth Factor-p. 
Submitted to Journal of Cytokine Research, 2000. 

77 Dmowski, WP, Ding, J, Shen, J, Rana, N, Fernandez, BB, Braun, DP. Apoptosis in 
Endometrial Glandular and Stromal Cells in Women With and Without Endometriosis. 
Submitted to Human Reproduction, July 2000. 



ABSTRACTS AND LETTERS: 

1 Braun DP , and Dray S: Tumor immune RNA conversion of lymphoid cells of tumor- 
bearing mice from being unresponsive to responsive upon challenge with tumor specific 
antigen. Cancer Res 17:7, 1976. 

2. Braun DP , and Dray S: The effect of BCG on the in vitro education of normal spleen 
cells and of tumor bearing spleen cells. Cancer Res 19:154, 1978. 

3 . Hengst JCD , and Braun DP : Opposite effects of different batches of BCG on the in 
vitro generation of antitumor cytotoxicity. Cancer Res 20:67, 1979. 

4. Braun DP , Cobleigh MA, and Harris JE: Explanation for rebound-overshoot recovery 
of immune function in cancer patients receiving cytotoxic drugs. Clin Res 27:643 A, 
1979. 

5. Cobleigh MA; Braun DP , and Harris JE: Lymphocyte subset variation in normal aging 
subjects and in cancer patients. Clin Res 27:643A, 1979. 



Donald P. Braun, Ph.D. Pa S e15 

6. Cobleigh MA, Braun DP , and Harris JE: Multiple concurrent suppressor cell 
mechanisms in human malignant disease. Blood 54(1):97A, 1979. 

7. Braun DP , Cobleigh MA, and Harris JE: The rebound-overshoot phenomenon: A 
consequence of selective cytotoxic drug effect on immunoregulatory suppressor 
mechanisms. Proc Am Assoc Cancer Res 21:373, 1980. 

8. Braun DP , Rossof AH, and Harris JE: Relationship of monocyte percentage and 
monocyte suppressor activity to T lymphocyte function in solid tumor cancer patients. 
Proc Am Assoc Cancer Res 21 :370, 1981 . 

9. Harris JE, and Braun DP : Effects of adjuvant chemotherapy for stage II breast cancer 
on immunoregulatory cell function. Proc Am Assoc Cancer Res 21:370, 1981. 

10. Harris JE, and Braun DP : Effects of combination chemotherapy on immunoregulatory 
cell functions in solid tumor cancer patients: Correlation with rebound-overshoot 
recovery of immunity. Proc Am Assoc Cancer Res 21 : 183, 1981 . 

1 1 . Braun DP , and Harris JE: Monocyte suppression and activation in solid tumor cancer 
patients. Proc Am Assoc Cancer Res 21:185, 1981. 

12. Chiu KM, Braun DP , and Harris JE: Suppression of alloimmune response in normal 
individuals and cancer patients by indomethacin sensitive cells. Clin Res 29:735A, 
1981. 

13. DeBoer KP, Braun DP , and Harris JE: Adherent cell suppression of natural 
cytotoxicity in solid tumor patients. Clin Res 29:735A, 1981. 

14. Rubenstein M, Braun DP , and Harris JE: Abnormal prostaglandin metabolism in 
cancer patient monocytes. Clin Res 29:737A, 1981. 

15. Braun DP , DeBoer KP, and Harris JE: Relationship of monocyte prostaglandin 
metabolism and monocyte indomethacin sensitive immunoregulatory function in 
peripheral blood mononuclear cells of disseminated solid tumor cancer patients. Blood 
58:70a, 1981. 

16. Harris JE, Braun DP , DeBoer KP, and Vahey AL: Enumeration with monoclonal 
antibodies of leukocyte subsets in peripheral blood of solid tumor cancer patients. 
Blood 58:83a, 1981. 



17. 



Harris JE, Vahey AL, and Braun DP : Quantitation with monoclonal antibodies of 
leukocyte subsets in peripheral blood mononuclear cells of solid tumor cancer patients. 
Proc Am Soc Clin Oncol 1:42, 1982. 



Donald P. Braun, Ph.D. 



Page 16 



18. Chiu KM, Droin J, Harris JE, and Braun DP : The immunological response of Wistar 
rats to the C-6 glioma cell line. Proc Am Assoc Cancer Res 23:241, 1982. 

19. Harris JE, and Braun DP : Suppressor cell development predicts for tumor recurrence 
in surgically resected lung cancer. Proc Am Assoc Cancer Res 23:250, 1982. 

20. Penn RD, Showel J, Harris JE, Braun DP , and Wolter J: Immunoregulatory cell 
studies in patients with gliomas. Proc Am Assoc Cancer Res 23:251, 1982. 

21 . Braun DP , and Harris JE: Relationship of arachidonic acid metabolism and 
indomethacin sensitive immunoregulatory function in peripheral blood mononuclear 
cells of disseminated solid tumor cancer patients. Proc Am Assoc Cancer Res 23:262, 
1982. 

22. Harris ZL, Braun DP , and Harris JE: Interferon therapy causes impaired 
lymphoproliferation by prostaglandin mediated mechanisms. Clin Res 30(1):747A, 
1982. 

23 . Harris JE, and Braun DP : The effect of interferon therapy on immunoregulatory cells 
in the peripheral blood of patients with renal cell carcinoma. Immunobiol 163:255, 
1982. 

24 Braun DP , and Harris JE: Effect of chemotherapy on immunoregulation in solid tumor 
cancer patients: Correlation with changes in monocyte PGE synthesis and lymphocyte 
PGE sensitivity. Proc Am Assoc Cancer Res 24:215, 1983. 

25. Harris JE, Harris ZL, and Braun DP : Depression of monocyte induced 
lymphoproliferative responses in peripheral blood mononuclear cells (PBMC) from 
renal cell carcinoma patients treated with human leukocyte interferon (IFN-ct). Proc 
Am Assoc Cancer Res 24:205, 1983. 

26. Chiu KM, McPherson LH, Harris JE, Slayton RE, and Braun DP : The separation of 
cytotoxic human peripheral blood monocytes into phagocytic and nonphagocytic subsets 
by centrifugal elutriation. Proc Am Assoc Cancer Res 24:215, 1983. 

27. Braun DP , Harris JE, and Taylor SG IV: Effect of chemotherapy on monoclonal 
antibody defined leukocyte subsets in solid tumor cancer patients. Proc Am Soc Clin 
Oncol 2:56, 1983. 

28. Penn RD, Braun DP , Harris JE, and Rossof AH: Modulation of natural killer cell 
function in brain tumor patients by glass adherent suppressor cells. Proc Am Soc Clin 
Oncol 3:57, 1984. 



Donald P. Braun, Ph.D. 



Page 17 



30. 



31. 



29 Braun DP, Harris JE, and Taylor SG III: Effect of chemotherapy on monoclonal 
a^dTdefmed leukocyte subsets in solid tumor cancer patients. Proc Am Assoc 
Cancer Res 25:234, 1984. 

Braun DP, and Harris JE: Chemotherapeutic modulation of NK function in peripheral 
btodWnonuclear cells of cancer patients. Proc Am Assoc Cancer Res 25:234, 1983. 

Braun DP, Wolter J, and Harris JE: NK function and irnmunoregulatiftn in peripheral 
blood mononuclear cells (PBMC) from sarcoma patients treated with fibroblast 
interferon. Proc Am Soc Clin Oncol 3:56, 1984. 

32 Janus T, Slayton WB, Harris JE, Rossof AH, and Braun DP: Modulation of 
yTphocyte responsiveness to phytohemagglutinin (PHA) by ^^^^ 
degradation products (FDP) due to induction of monocyte suppressor cells. Proc Am 
Assoc Cancer Res 25:243, 1984. 

33 Harris JE Wiederhold MD, Slayton J, and BrjunJDP: Abnormal arachidonate 
conversion to prostaglandins, leukotrienes and eicosatetraenoic acids in cancer patient 
monocytes. Blood 64:190a, 1984. 

34 Wiederhold MD, Harris JE, and Braun DP : Modulation of arachidonate ^incorporation 
' into macrophage membrane phospholipids by interferon. Fed Proc 44:951, 1985. 

35. Braun DP, Von Roenn J, and Harris JE: Modification of ^^^^^^ 
in^oTuppression in lung cancer patients with piroxicam. Proc Am Soc Clin Oncol 

4:223, 1985. 

36 Taylor SG IV, Harris JE, and Braun DP : Potentiation of T cell immunity in head and 
neck cancer patients with nonsteroidal antiinflammatory agents. Proc Am Assoc 
Cancer Res 26:278, 1985. 

37 Leslie WT Harris JE, Slayton RE, Wiederhold MD, Slayton JM, and Braun DP : 
Modulation of arachidonic acid metabolism in monocytes by a- and y-mterferon. Froc 
Am Assoc Cancer Res 26:279, 1985. 

Harris JE, and Braun DP : Abnormal monocyte function in patients with Kaposi's 
sarcoma. Proc Am Assoc Cancer Res 26:286, 1985. 

Anderson KM, Harris JE, Saffold P, and Braun DP: Modulation «^ "f^. 
responses in lymphocytes by prostaglandin and interleukin 2. Proc Am Assoc Cancer 
Res 26:303, 1985. 



38. 



39. 



Donald P. Braun, Ph.D. 



Page 18 



40 Wiederhold MD, Slayton JM, Harris JE, Anderson KM, and Braun DP: Stimulation of 
phospholipase activity in U937 cells following treatment with a- and y-interferon. Proc 
Am Assoc Cancer Res 26:307, 1985. 

41. Williams GS, Harris JE, and Braun DP : The role of arachidonic acid metabolism in 
spontaneous cytotoxicity and immunoregulation of subsets of human peripheral blood 
monocytes. Proc Am Assoc Cancer Res 26:307, 1985. 

42. Braun DP , Harris JE, Slayton JM, and Wiederhold MD: Altered arachidonic acid 
metabolism in cancer patient monocytes. Proc Am Assoc Cancer Res 26:307, 1985. 

43. Harris JE, Wiederhold MD, Slayton JM, and Braun DP : Arachidonate incorporation 
and release from the membrane phospholipids of cancer patient monocytes. J 
Leukocyte Biol 38:133, 1985. 

44. Williams GS, Harris JE, and Braun DP : Differences in accessory cell function of 
subsets of human peripheral blood monocytes. J Leukocyte Biol 38:180, 1985. 

45. Harris JE, Janus TJ, and Braun DP : Fibrinogen degradation products (FDP) induce 
normal monocytes to become suppressor cells by modifying arachidonic acid 
metablism. Blood 66:87a, 1985. 

46. Ondrey F, Wiederhold MD, Anderson KM, Braun DP , and Harris JE: Early PMA- 
induced morphologic changes, release of arachidonic acid, and synthesis of eicosanoids 
in U937 cells. Proc Am Assoc Cancer Res 27:58, 1986. 

47. Leslie WT, Taylor SG IV, Harris JE, and Braun DP : Immune studies in renal cell 
carcinoma (RCC) patients treated with interferon. Proc Am Assoc Cancer Res 27:321 , 
1986. 

48. Harris JE, and Braun DP : Modification of chemotherapy induced immunosuppression 
by the nonsteroidal antiinflammatory drug (NSAID), piroxicam. Proc Am Assoc 
Cancer Res 27:328, 1986. 

49. Braun DP , Roseman D, and Harris JE: Enhanced interleukin 1 (IL 1) synthesis by 
monocytes from colon cancer patients. Proc Am Assoc Cancer Res 27:345, 1986. 

50. Ebie N, Harris JE, Anderson KM, Wolter J, and Braun DP : Cyclic nucleotide 
responses in peripheral blood mononuclear cells of cancer patients following 
stimulation with interleukin 2 (IL 2) or prostaglandin E (PGE). Proc Am Assoc Cancer 
Res 27:345, 1986. 



Donald P. Braun, Ph.D. 



Page 19 



51. Wiederhold MD, Anderson KM, Ondrey F, Braun DP , and Harris JE: Analysis of 
monocyte cellular phospholipid fatty acid composition in patients with renal cell 
carcinoma with and without lymphoblastoid interferon (Hu IFN Ly) therapy. Proc Am 
Assoc Cancer Res 27:349, 1986. 

52. Williams GS, Harris JE, Rossof AH, and Braun DP : Arachidonic acid (AA) 
metabolism differences in subsets of human peripheral blood monocytes separated by 
elutriation (CCE). Proc Am Assoc Cancer Res 27:350, 1986. 

53. Harris JE, Landay AL, Falk L, Paul D, and Braun DP : Monocyte functional 
disturbances in asymptomatic homosexual males (AHM), AIDS-related complex 
syndrome (ARCS) patients, and aquired immune deficienty patients (AIDS). Blood 
68:127a, 1986. 

54. Landay AL, Kessler H, Braun DP , Harris JE, Paul D, and Falk L: Isolation of human 
immunodeficiency virus (HIV) from peripheral blood monocytes of subjects at risk for 
AIDS. Blood 68:129a, 1986. 

55. Siebert P, Wiederhold MD, Anderson KM, Ondrey F, Harris JE, and Braun DP : 
Morphologic changes and alterations in eicosanoid metabolism induced in U937 cells 
by y-interferon. Proc Am Assoc Cancer Res 28:339, #1341, 1987. 

56. Conlon K, Harris JE, and Braun DP : Modulation of lymphokine activated killer (LAK) 
cell induction with eicosanoid synthesis, inhibitors. Proc Am Assoc Cancer Res 28:367, 
#1455, 1987. 

57. Chu EB, Potempa LA, Harris JE, Gewurz H, and Braun DP : Modulation of monocyte 
cytotoxicity with urea-chelated and acid-modified C-reactive protein (CRP). Proc Am 
Assoc Cancer Res 28:344, #1362, 1987. 

58. Braun DP , Staren ED, and Harris JE: Lymphokine activated killer cell (LAK) 
induction in tumor infiltrating leukocytes (TIL) and peripheral blood mononuclear cells 
(PBMC) from colon cancer patients. Proc Am Assoc Cancer Res 28:371, #1472, 1987. 

59. Potempa LA, Gewurz H, Harris JE, and Braun DP : Modulation of monocyte function 
by modified antigenically distinct forms of C-reactive protein (CRP). Proc Am Assoc 
Cancer Res 28:344, #1363, 1987. 

60. Harris JE, Taylor SG IV, and Braun DP : Modulation of lymphokine activated killer 
(LAK) cell induction following cytotoxic chemotherapy. Proc Am Assoc Cancer Res 
28:372, #1475, 1987. 



Donald P. Braun, Ph.D. 



Page20 



61. Creekmore SP, Harris JE, Ellis TM, Braun DP , McMannis JD, Cohen II, Bhoopalam 
N, Jassak PF, Cahill MA, Canzoneri CL, and Fisher RI: Phase I/II trial of 
recombinant interleukin 2 by 24 hour continuous infusion. An Illinois Cancer Council 
Trial. Proc Am Soc Clin Oncol 6:244, #960, 1987. 

62. Harris JE, Landay AL, Kessler H, Falk L, Paul D, and Braun DP : Abnormal 
indomethacin sensitive suppressor cell (ISSC) function is associated with deficient 
lymphokine activated killer (LAK) cell induction in patients infected with the human 
immunodeficiency virus (HIV). Proc Am Soc Clin Oncol 6:3, #11, 1987. 

63. Ellis T, Braun DP , Creekmore SP, Bhoopalam N, Harris JE, and Fisher RI: 
Appearance and phenotypic characterization of circulating Leu 19 + cells in patients 
receiving recombinant IL 2. Proc Am Assoc Cancer Res 28:373, #1480, 1987. 

64. McMannis JD, Braun DP , Fisher RI, Creekmore SP, Harris JE, and Ellis TM: 
Demonstration of circulating lymphokine activated killer (LAK) cells in patients 
receiving interleukin 2 (IL 2). Proc Am Assoc Cancer Res 28:372, #1474, 1987. 

65. Landay AL, Harris JE, Falk L, Paul D, Kessler H, and Braun DP : Abnormal 
lymphokine activated killer cell (LAK) induction in peripheral blood mononuclear cells 
(PBMC) in patients infected with the human immunodeficiency virus (HIV). Proc 3rd 
International Conference on AIDS, 1987. 

66. Levy RA, Harris JE, Bagdade JD, and - Braun DP : Marine lipids suppress monocyte 
mediated cytotoxicity in women with insulin dependent diabetes mellitus. Clin Res 
35(6):826A, 1987. 

67. Braun DP , and Harris JE: Improved response to monocyte activators in the peripheral 
blood monocytes of patients with solid tumors following cytotoxic chemotherapy. Proc 
Am Assoc Cancer Res 29:373, #1484, 1988. 

68. Chu EB, Potempa LA, Harris JE, Gewurz H, and Braun DP : Reversal of Neo-C- 
reactive protein mediated suppression of monocyte cytotoxicity by modulation of 
arachidonate metabolism. Proc Am Assoc Cancer Res 29:371, #1477, 1988. 

69. Staren ED, Braun DP , Harris JE, and Economou SG: Lymphokine activated killer cell 
induction in tumor infiltrating leukocytes and peripheral blood mononuclear cells from 
colon cancer patients. Proc Am Assoc Cancer Res 29:406, #1617, 1988. 

70. Taylor SG IV, Harris JE, and Braun DP : Modulation of monocyte cytotoxicity by 
arachidonic acid metabolic inhibitors in the peripheral blood monocytes of patients with 
solid tumors. Proc Am Assoc Cancer Res 29:371, #1478, 1988. 



Donald P. Braun, Ph.D. 



Page21 



71 Staren ED, Harris JE, and Braun DP : Lymphokine activated killer (LAK) cell 

induction in the peripheral blood mononuclear cells (PBMC) of colon cancer patients. 
Proc Am Soc Clin Oncol 7:98, #373, 1988. 

72. Braun DP , Siziopikou KP, and Harris JE: Modulation of monocyte cytotoxicity in 
response to granulocyte/macrophage colony stimulating factor (GM-CSF) and y- 
interferon (y-IFN) by arachidonic acid metabolic inhibitors. Blood 72:142a, 1988. 

73. Gaynor ER, Ellis TM, Harris JE, Braun DP , Tuteur D, Creekmore S, and Fisher RI: 
Adjuvant immunotherapy using intermittent 24 hour infusion of recombinant interleukin 
2 (rIL 2) in patients with surgically resected colon carcinoma at high risk for 
recurrence. Proc Am Soc Clin Oncol 8: 190, #739, 1989. 

74 Braun DP , Harris JE, Landay AL, and Kessler H: Impaired development of monocyte 
tumor cytotoxicity in response to y-interferon (y-IFN) and granulocyte/macrophage 
colony stimulating factor (GM-CSF) in the peripheral blood monocytes of 
asymptomatic human immunodeficiency virus (HIV) infected patients. Potentiation of 
responsiveness by indomethacin. Proc Am Soc Clin Oncol 8:1, #4, 1989. 

75 Staren ED, Braun DP , Harris JE, Bines SD, and Economou SG: Characterization of 
interleukin 2 (IL 2) activated killer cells in tumor infiltrating leukocytes (TIL) from 
colon cancer patients. Proc Am Soc Clin Oncol 8:103, #398, 1989. 

76. Siziopikou KP, Casey LC, Harris JE, and Braun DP : Imparied development of 
tumoricidal function in the alveolar macrophages (AM) of patients with lung cancer. 
Proc Am Assoc Cancer Res 30:334, #1323, 1989. 

77. Chu EB, Potempa LA, Gewurz H, Harris JE, and Braun DP : Modulation of the 
development of tumoricidal function in response to macrophage activators by a 
modified form of the C-reactive protein. Proc Am Assoc Cancer Res 30:333, #1322, 
1989. 

78. Braun DP , Siziopikou KP, and Harris JE: Modulation of the in vitro development of 
tumoricidal function in response to combinations of macrophage activators in the 
peripheral blood monocytes (PBM) of cancer patients (pts). Proc Am Assoc Cancer 
Res 30:334, #1324. 

79. Taylor SG IV, Harlan S, McHale M, Rudolph A, Braun DP , and Harris JE: Phase I 
dose escalation of TNF/IL 2 combination therapy in human malignancies. Proc Am 
Assoc Cancer Res 30:405, #1609, 1989. 



Donald P. Braun, Ph.D. 



Page22 



80. Staren ED, Economou SG, Harris JE, Bines S, and Braun DP : Tumor induced 
modulation of lymphokine activated killer cell induction in tumor infiltrating 
leukocytes. Proc Am Assoc Cancer Res 31:238, #1405, 1990. 

81. Braun DP , Siziopikou KP, Casey L, and Harris JE: Augmentation of impaired 
tumoricidal function in alveolar macrophages from lung cancer patients by cocultivation 
with allogeneic lymphocytes. Proc Am Assoc Cancer Res 31:244, #1443, 1990. 

82. Siziopikou KP, Casey L, Harris JE, and Braun DP : Tumor necrosis factor secretion, 
interleukin 1 secretion, and the development of cytotoxicity in alveolar macrophages 
from lung cancer patients. Proc Am Assoc Cancer Res 31:244, #1442, 1990. 

83. Harris, JE, Siziopikou KP, Ahn M, Wilbanks GD, Jordan E and Braun DP : The 
induction of tumoricidal function in regional versus systemic macrophages from 
patients with solid tumors. Proc Am Assoc Clin Oncol, 10:214, 1991. 

84. Chu EB, Gewurz H, Harris JE and Braun DP : Arachidonic acid metabolism in 
macrophages treated with a modified form of the C-reactive protein. Proc Am Assoc 
Cancer Res, 32:232, 1991. 

85. Braun DP , Siziopikou KP, Ahn M and Harris JE: Induction of tumoricidal function in 
macrophages from cancer patients by anti-CD3 monoclonal antibodies. Proc Am Assoc 
Cancer Res, 32:232, 1991. 

86. Harris JE, Siziopikou KP, Casey LM and Braun DP : Sensitivity of alveolar 
macrophages and peripheral blood monocytes to modulation of arachidonic acid 
metabolism. Proc Am Assoc Cancer Res, 32:233, 1991. 

87. Harris JE, Ahn M and Braun DP : Differential sensitivity of peripheral blood 
monocytes (PBM), alveolar macrophages (AM) and peritoneal macrophages (PM) from 
cancer patients to modulation of arachidonic acid (AA) metabolism. Blood 78: 1072, 
1991. 

88. Harris JE and Braun DP : Natural Killer (NK) cell function in renal cell cancer patients 
(RCC pts): Identification of a subset responsive to immunological manipulation. Proc. 
Am. Soc. Clin. Oncol. 11:257, 1992. 

89. Braun DP , Ahn M, and Harris JE: Sensitivity of human macrophages from different 
anatomical sites to arachidonic acid metabolism. Proc. Am. Can. Res. 33:305, 1992. 

90. Ahn M, Harris JE, Wilbanks GW, and Braun DP : Induction of tumoricidal function in 
macrophages by anti-CD3 monoclonal antibodies. Proc. Am. Assoc. Can. Res. 
33:305, 1992. 



Donald P. Braun, Ph.D. 



Page23 



91. Ann M, Plate JMP, Harris JE, and Braun DP : Downregulation of Interleukin 6 in 
alveolar macrophages of lung cancer patients facilitates the development of tumoricidal 
function. Blood 80:103a, 1992. 

92. Braun DP , Ahn M, Harris JE, Wilbanks G, and Plate J: Altered synthesis of cytokine 
messenger RNA (m RNA) in peripheral blood monocytes and peritoneal macrophages 
from patients with gynecological malignancies. Proc. Am. Soc. Clin. Oncol. 12:299, 
1993. 

93. Ahn M, Plate J, Harris JE, and Braun DP : Allogeneic lymphocytes stimulate 
macrophage tumoricidal function in association with IL-6 suppression. Proc. Am. 
Assoc. Cancer Res. 34:445, 1993. 

94. Harris JE, Ahn M, and Braun DP : Interleukin- 12 (IL-12) is superior to gamma 
interferon (IFNy) plus endotoxin and to Monocyte Colony Stimulating Factor (M-CSF) 
in stimulating tumoricidal function in alveolar macrophages (AM) from patients with 
non-small cell lung cancer. Blood, 82:509a, 1993. 

95. Taylor SG IV, Braun DP , Coon JS, Hutchinson JC, Panje WR, Caldarelli DD, Shott S 
and Preisler HD. Augmentation of autologous tumoricidal function in peripheral blood 

monocytes from head and neck cancer patients by treatment with indomethacin. 
Proceedings American Association for Cancer Research 35: 480, 1994. 

96. Braun DP , Coon JS, Taylor SG IV, Hutchinson JC, Panje WR, Caldarelli DD, Shott S 
and Preisler HD. Discordance of leukocyte-mediated tumoricidal function in the blood 

and leukocyte infiltration in tumor tissues. Proceedings American Association 
for Cancer Research 35: 494, 1994. 

97. Effect of endometriosis on the production of cytokines by peripheral blood monocytes. 
P.P. Braun , N. Rana, C. Rotman, H.M. Gebel and W.P. Dmowski. Proc. Amer. 
Fertil. Soc. 50: s20, 1994. 

98. Effect of danazol (DZ) or gonadotoprin releasing hormone agonist (GnRH-A) therapy 
on the production of cytokines by peripheral blood monocytes (PBM) from patients 
with endometrosis (ENDO). P.P. Braun . N. Rana, C. Rotman, H.M. Gebel and W.P. 
Dmowski. Proc. Amer. Fertil. Soc. 50: 149, 1994. 

99. Braun PP . Tereshkova N, Ortegel J and Preisler HP. Cytotoxic function of peripheral 
blood blast cells from patients with acute myelogenous leukemia. Proceedings 
American Association for Cancer Research 36: 473, 1995. 



Donald P. Braun, Ph.D. 



Page24 



100. Braun, DP , Taylor, SGT IV, Coon, J, Griem, K. LaFollette, S. Hutchinson, J, 
Kotelnikov, V, and Preisler, HP. Biological and Immunological Differences in Primary 
and Recurrent Head and Neck Cancer. Proc. Amer.Soc.of Clin. Oncol. 14:22,1995. 

101 . Taylor SGT IV, Braun DP, Kotelnikov VM, Wood NB, Mundle S, Coon J, Raza A, 
LaFollette S, Griem K, Hutchinson J, Cladarelli D, Panje W, Friedman M, Preisler H. 
Tumor proliferative and immunologic alterations during combined 
chemotherapy/radiation in Head and Neck Cancer. Proc. ASCO. 15:, 315, 1996. 

102. Braun DP , House R, Gebel HG, Rana N, and Dmowski WP. Differential Sensitivity 
of endometrial cells from uterus and peritoneal implants to macrophage-mediated lysis 
in patients with endometriosis. Proceedings of the Vth World Congress on 
Endometriosis. Yokohama, Japan. October, 1996. 

103. Braun DP , House R, Gebel HG, Rana N, and Dmowski WP. Macrophage functional 
changes in women with unexplained infertility identifies a subset of patients with 
subclinical endometriosis. Proceedings of the Vth World Congress on Endometriosis. 
Yokohama, Japan. October, 1996. 

104. DmowskiWP, Rana N, Braun DP , Gebel HG, and House R. Is there a 
pathophysiological basis for generalized symptoms in women with endometriosis? 
Proceedings of the Vth World Congress on Endometriosis. Yokohama, Japan. 
October, 1996. 

105. Braun DP , Gebel HG, Rana N, and Dmowski WP. Cytolysis of endometrial cells 
(EC) by autologous peripheral blood monocytes (PBM) and peritoneal macrophages 
(PM) in women with endometriosis (Endo). Proceedings of the 52nd Annual Meeting, 
American Society of Reproductive Medicine, 1996. 

106. Braun DP , Harris JE, Gebel H, Plate J, Deziel D, Millikan K, Doolas A and Prinz R. 
Immunologic Evaluation of pancreatic cancer patients. Proc. Amer. Assoc. Cancer 
Res. 38:487, 1997. 

107. Ortegel J, Staren E, Faber P, Warren W, and Braun D . Cytokine biosynthesis by 
tumor infiltrating T cells in non-small cell lung cancers. Proc. Amer. Assoc. Cancer 
Res. 38:630, 1997. 

108. Braun, DP , Dmowski, WP. Stimulation of eutopic and ectopic endoetrail cell 
proliferation by autologous peritoneal fluids with endometriosis is due to tumor necrosis 
factor-alpha (TNFcc). Oral Presentation, ASRM/CFAS '99 Conjoint Annual Meeting, 
Ontaior, Canada, September 25-30,1999. 



Donald P. Braun, Ph.D. 



Page25 



109. Ding, J, Shen, J, Braun, DP , Rana, N, Fernandez, BB, Dmowski, WP. Apoptosis in 
Endometrial Glandular and Stromal Cells in Women with and without Endometriosis. 
Oral Presentation, ASRM/CFAS '99 Conjoint Annual Meeting, Ontario, Canada, 
September 25-30, 1999. 

110. Shen, J., Ding, J, Braun, DP , Rana, N, Dowbrowski, A, Dmowski, WP. Endometrial 
Macrophages May Be Involved in the Regulation of Endometrial Apoptosis. Poster 
Presentation, ASRM/CFAS '99 Conjoint Annual meeting, Ontario, Canada, September 
25-30, 1999. 

111. Ding, J, Shen, M, Gogacz, M, Braun, DP , Rana, N., Dmowski, WP. Endometrial 
Apoptosis Is Inhibited In Vitro by TNFcc in Women with Endometriosis and Is 
Stimulated by TNFct in Healthy Women. Journal of the Society for Gynecologic 
Investigation, 2000. 

112. Braun, DP , Ding, J, Shen, M, Gogacz, M., Dmowski, WP. Modulation of 
Endometrial Cell Apoptosis and Proliferation by Tumor Necrosis Factor in Women 
with Endometriosis. Journal of the Society for Gynecologic Investigation, 2000. 

113. Ding, J, Gogacz, Shen, M, Braun, DP , Rana, N, Dmowski. Expression of TNFa 
Receptor Type-I Gene in Endometrial Cells from Women with and without 
Endometriosis. Submitted to American Society For Reproductive Medicine, 56 th 
Annual Meeting, October 21-25, 2000, San Diego, California. 



UNIVERSITY INSTRUCTION: 
Course Director 

Principles of Immunology. University of Illinois, Dept. of Microbiology, 1977. 

Biology of Cancer. College of Nursing, Rush Presbyterian St. Luke's Medical 
Center, 1982. 

Tumor Immunology. Department of Immunology, College of Medicine, Rush 
Presbyterian St. Luke's Medical Center, 1985. 

The Basic Science of Oncology. Rush Cancer Institute. 1993-1995. 
Lecturer 



Basic and Clinical Immunology, Department of Immunology/Microbiology 
Cellular Immunology, Department of Immunology/Microbiology 



Donald P. Braun, Ph.D. Page26 

Tumor Immunology, Department of Nursing 

Pathophysiology of Malignant Disease, Department of Pathology 

Medical Oncology Didactic Course 

Organizing 

Medical Oncology Didactic Lecture Series 
Medical Oncology Research Seminar Series 
Oncology Fellow Basic Sciences Journal Club 

Advisory 

Graduate Students Matriculated (5) 
Dissertation Advisory Committees (18) 

As Chairman (2) 

As Advisor (5) 

As Member (11) 

Other Department (2) 

Other University (5; 4, University of Illinois, 1 Notre Dame) 

UNIVERSITY COMMITTEES: 

Student Judiciary Review 
Academic Freedom, Chairman, 1994-1996 
CED Review of Rush Medical College 
Radiation Oncology Search Committee 
General Surgery Search Committee 
Department of Dermatology Search Committee 
Department of OB/Gyn Search Committee 
Faculty Council, 1996-1999. 

Task Force on Interaction with Biomedical Industry, Chairman. 
Academic Council 



INVITED PRESENTATIONS: 

1 . Transfer of Plasmacytoma Immunity with Immune RN A Extracts from Tumor-bearing 
Balb/C mice. American Dental Association, Chicago, IL, 1977. 

2. Principles of Cancer Immunology. University of Indiana School of Medicine. Gary, 
Indiana, 1978. 



Donald P. Braun, Ph.D. Page27 

3. Synergy between Cytotoxic Chemotherapy and Anti-Tumor Immunity in Solid Tumor 
Cancer Patients. Department of Pathology, University of Illinois Medical Center, 
Chicago, IL, 1979. 

4. Selective Effects of Cytotoxic Chemotherapy on Suppressor Cells in Cancer Patients. 
Illinois Cancer Council, Chicago, IL, 1980. 

5. Immunoregulatory Cell Function and Impaired Immunity in Patients with Gliomas. 
Department of Neurosurgery, Cook County Hospital, 1983. 

6. Effect of Interferon Therapy on Prostaglandin-producing Suppressor Cells in Renal Cell 
Cancer Patients. Burroughs Wellcome, Research Triangle Park, North Carolina, 1984. 

7. Changes in Prostaglandin Metabolism in Monocytes from Inter feron-treated Cancer 
Patients. Department of Microbiology, University of South Florida, Tampa, Florida, 
1985. 

8. Potentiation of Immunity in Chemotherapy-Treated Cancer Patients. Northwestern 
School of Medicine, Cancer Center, Chicago, IL, 1985. 

9. Prostaglandin-Producing Suppressor Cells in Cancer Patients and AIDS Patients. 
Department of Pathology, Loyola University School of Medicine, Chicago, IL. 1986. 

10. Synergy between Chemotherapy and Immunity in Solid Tumor Cancer Patients. 
Roswell Park Memorial Institute, Grace Cancer Center, Buffalo, New York, 1986. 

11. Modification of the Effects of Cancer Chemotherapy on Immune Responses in Lung 
Cancer Patients by Treatment with Piroxicam. Pfiser Pharmaceuticals, New Orleans, 
Louisiana, 1986. 

12. Enhancement of Deficient Cellular Immunity in Head and Neck Cancer Patients Treated 
with Piroxicam. Pfizer Laboratories, Annaheim, California, 1987. 

13. Modulation of Immunity in Cancer Patients by Prostaglandin Antagonists. Second 
International Conference on Immunity to Cancer. Williamsburg, Virginia, 1987. 

14. Potential for Combining Cytotoxic Chemotherapy and Biological Response Modifiers in 
Cancer Patients. Illinois Cancer Council, Chicago, IL, 1988. 

15. Monocyte Immunoregulatory Cell Function in HIV-infected Patients. American Red 
Cross, Chicago, IL, 1988. 



Donald P. Braun, Ph.D. Page28 

16. Lymphokine Activated Killer Cell Function in Tumor Infiltrating Leukocytes from 
Colon Cancer Patients. Illinois Cancer Council Symposium on Biological Response 
Modifiers, Chicago, IL, 1988. 

17. Principles of Cancer Immunology. Department of Surgery, Grant Hospital 
Chicago, IL, 1990. 

18. Immune Function in Cancer Patients and the Effects of Chemotherapy. Lederle 
Laboratories Symposium. Chicago, IL, 1990. 

19. Danazol Effects on Peritoneal Macrophage Function in Patients with Endometriosis. 
Sterling International. New York, NY, 1991. 

20. Peritoneal Macrophage Function in Endometriosis. Chicago Association of 
Reproductive Endocrinology. Chicago, IL, 1991. 

21. The Biology and Immunology of Cancer. American College of Surgeons, Chicago, IL, 
1991. 

22. Immunotherapy of Cancer Patients, Baxter/Bartels Oncology Focus Meeting. Chicago, 
IL, 1992. 

23. Systemic and Local Tumor Immunity in Patients with Solid Tumors. Abbott 
Laboratories, Abbott Park, IL, 1992. 



24. Modulation of Endometrial Cell Proliferation by Monocytes in Patients with 
Endometriosis. Chicago Association of Reproductive Endocrincology. 
Chicago, IL, 1992. 

25. Modulation of Tumor icidal Function in Tumor-Associated Macrophages from Solid 
Tumor Patients. Section of Hematology/Oncology, University of Chicago 
Chicago, IL, 1992. 

26. Stimulation of Endometrial Cell Proliferation by Monocytes in Endometriosis Patients. 
Adeza Biomedical Corp. Sunnyvale, CA. 1993. 

27. Cytokine Synthesis by Circulating Monocytes in Patients with Endometriosis. Chicago 
Association of Reproductive Endocrinology. Chicago, IL, 1994. 



28. Effects of Virulizin on Macrophage Functions of Cancer Patients. Hoffman LaRoche, 
Nutley, NJ, 1994. 



Donald P. Braun, Ph.D. Page29 

29. Macrophage Functional Changes in Unexplained Infertility. Chicago Association of 
Reproductive Endocrinology. Chicago, IL, 1995. 

30. Differential Sensitivity of Ectopic and Eutopic Endometrial Cells to Macrophage- 
Mediated Cytolysis in Women with Endometriosis. Chicago Association of 
Reproductive Endocrinology. Chicago, IL, 1996. 

3 1 . Effects of Virulizin on Macrophage Functions of Cancer Patients and Women with 
Endometriosis. Schering Plough, NJ, 1996. 

32. Chemotherapy-induced immune modulation in cancer patients. National Cancer 
Institute of Japan-Tokyo Japan, January, 1997. 

33. Macrophage functions in cancer and endometriosis and its modulation by virulizin. 
Pharmacia. Milano, Italy, February, 1997. 

34. Strategies for immune stimulation in cancer patients. Connaught Laboratories, 
Toronto, Canada, October, 1997. 




PI 




Best Available Copy 



IMMUNOLOGY 



1515 

Timor Inflammatory reipon>« induced by iMratsatloa with 
autologous Mlanooa cells conjugated to dlnltrophenoKDK?). 
0. Berd, M.J. Kaitrangelo, C. Green, C. Clerk, end Z. Hart. 
ThoMi Jefferson Oalverelty, Phlledelphle, Tk 19107. 

Treatment of melanoma patients vtth an autologous 
vaccine preceded by low dose cyclophosphemlde (CT) 
Induces dtlayed-type hypersensitivity (OTH) to melanoma 
cells, and in some cases, regression of metastatic tumors* 
Kow, we are et tempting to lncreese the efficiency of the 
process by immunising with tumor ceils conjugated to the 
hapten, DNF. Patients with metastatic melanoma were 
sensitised to DNF by topical application of dlnltrochloro- 
bensene (DHCB). Two weeks later, they were injected with 
a vaccine consisting of 10-25x10(6) autologous, irradiated 
melanoma ceils conjugated to DKP and mixed with BCG. 
CY 300 mg/M 1 IV was given 3 days before DMCB or vaccine. 
Of 4 patients evaiuable so far, 3 have developed a striking 
inflammatory response In tumor masses after 2 vaccine 
treatments . (8 weeks). Patient #1 developed erythema and 
swelling in the >50 large (1-3 cm) dermal metastases on 
her leg and lower abdomen, followed by ulceration and 
drainage of necrotic material, and some are beginning to 
regress. Biopsy ihowed infiltration with CD4+ and CD8+ 
T lymphocytes. Patient #2 developed erythema and swelling 
in the skin of her lower abdomen and groin overlying large 
(8 cm) nodal masses. These have not yet regressed, but 
have changed in consistency from rock-hard to fluctuant. 
Patient #3 exhibited moderate erythema in the skin over- 
lying subcutsneous metastases. All 3 patients have 
developed OTH to both DNCB and to DHP-couJugated autologous 
lymphocytes. Although these results are preliminary, they 
suggest that this new strategy may represent a significant 
advance In the immunotherapy of human melanoma. 
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Inhibition of Tumor- Induced Sopprcesor T Lymphocyte (Ts) 
Activity by Marine Interferon let* (OT-B). Deepak M. 
Sahasrabudhe, University of Rochester Cancer Center, 
Rochester, NY, U642 

In some tumor models inhibition of Ta-activity is a pre- 
requisite to successful immunotherapy. Baaed oo our data 
in the DKFB model (J Exp Ked 166t*1573. 1987) the effect 
of IFH-B on P815 mastocytoma- induced Ts-activity was 
evaluated. 

In this model, concomitant antitumor Immunity (Tc) peaks 
by Day 10 and Is down regulated by Ta by Day 13. Cyto- 
toxicity generated after a mixed lymphocyte tumor culture 
(HLTC) correlates with in vivo immunity and suppression of 
cytotoxicity correlates with in vivo Te-ectlvity. 

Tumors were initiated by Injecting 2 x 10* P815 cells 
tubcutaneously on Day 1. IFH-B (100, 1000O, 50O0U) or 
buffer were injected t.v. every other day x *i Joae. acarc- 
ing on Day 5. On Day 16, KLTC'a were set up. Five days 
later a cytotoxicity asaay was performed against 5iCr 
labelled P815 cells. X specific lysis is shown. Numbers 
in psrenthcsls represent the dose of IFH-B. 







Tc 








Tc 




Tc 


Tc 






+ 




Tc 


Ts 


+Ts 


Ts 


+Ts 


Te +Ts 


EtT 


Tc 


Naive 


Ta 


+Ta 


(10) (10) 


fl000)(1000) 


(5OOOH5000) 


50il 


88 


81 


0 


19 


6 


22 


23 


20 


81 84 


2Stl 


8A 


76 


0 


12 


2 


21 


I 


21 


63 75 


12il 


78 


79 


2 


15 


3 


24 


6 


23 


58 81 


6*1 


70 


69 


1 


7 


0 


9 


0 


20 


38 64 


3tl 


56 


55 


0 


8 


I 


13 


0 


12 


21 48 



Treatment with IFH-B 5000U every other day x 6 doses 
abrogated Ta-activity without adversely affecting 
cytotoxicity. IFH-B may be a useful adjunct In the 
immunotherapy of selected tumors. 
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Ant i-idio type monoclonal antibody Immunisation tUerapy of 
cuteneoua T cell lymphoma* Chajterjee, K. , Foon, K«, Seoa; 
B.t., Barcoe, M. aod Kofcler, U. t Koawell Park Kern. Innt^oi 
Buffalo, NY 14263, and UCSD, San Diego, CA 9216U ^.<£fij 
Cutaneou* T cell, lymphoma (CTCL) la an Indolent y>lS 
noo-Hodgkln'ft lymphoma which la not cured by standard «£$ 
theraplea once It re ache* advanced at age. A novel approaejff 
to therapy la to uae internal Image antl-ldlotype (Id) mAhmX 
ax antigen (Ag) aubatltute for the Induction of immualtyii«| 
We have generated anti-Id oAb (Ab2) binding to a hybrldome}*: 
SN2 (AM), which recognizee a unique glycoprotein, gp37*, srf 
expressed by a subaet of human leukemic T cell* <J« IsmutoQ 
139:1354, 1987). At least 2 of tbe*e Ab2 may Indeed carryTi 
the Internal image of the gp37 Ag (J* lamunol. I41sl398 t c$ 
1988). Recently, we Investigated the distribution of gp3*V\ 
Ag by a sensitive lmmunoper oxidase atalnlng method using m*b 
SN2. SN2 had a high specificity for T-leukee la /lymphoma. 
cells and did not react with any normal adult tissues test*! 
including thymus, lymphocytes, bone marrow cells, spleen, ; sty 
liver, kidney, lung, brain, heart, etc. CTCL cells from -52^ 
out of 6 patients were strongly positive for gp37 Ag with Mi; 
Intense surf see membrane staining. The binding of 
radiolabeled SN2 to CTCL cells was studied for inhibition :laj 
the presence of the anti-Id aAb* 4EA2 and 4DC6 which mimic Oar 
the gp37 Ag. Both clones inhibited the binding 100Z and. BOX 
respectively at a concentration .of 50 ag. Ve also generated; 
a murine Ab3 mAb ( anti-ant 1-Id) by Immunising mice with thma 
anti-Id mAb (Ab2). This Ab3 mAb react a with CTCL cells ixoaj 
an identical fashion as the original Abl (SH2). tijg 
Collectively, these data suggest that Ab2 4EA2 and 4DC6 may*' 
be useful for active immunotherapy of CTCL patients. :Ve*'*{(f 
-plan to study the CTCL patients in a phase I clinical trials a 
to determine the effects of this type of therapy oa various?* 
components of the Immune system (both humoral and cellular)** 
and try to identify the criteria to select patients who may-o 
benefit from antl-ldlotype vaccine therapy. • z -'*£& 
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Syngeneic murine monodonal antiidiotypes bearing the interna^, 
image of a human breast cancer associated antigen. J. Schmitz -' 
and H. Ozer. The Dept. of Microbiology, S.UJ>f,Y. at BufEal<v^ 
Buffalo, NY 14214 and the Division of Medical Oncology, The ^ 
Univ. of North Carolina at Chapel Hill, Chapel Hiu, NC 27599. * 

According to Jerne* network theory, some anUidiotypes. ft 
(Ab2) mimic external antigens recognized by specific antibodies; + 
(Abl) and may be used in place of antigen for immunization. The ; 
murine monoclonal antibody ¥36/22 (IgG3, *), spedGc for ductal** ;! 
carcinoma antigen (DCA) was used to generate syngeneic^ 
monodonal anuidiotypes bearing the internal image of DCA*^ 
Female BALB/c mice were inoculated intraperitoneally every. ^ 
other week with 100 pg of F36/22 coupled to keyhole Krnper^ 
hemocyanin; the first time in complete Freund's adjuvant and. ^ 
subsequently in incomplete adjuvant Splenic lymphocytes were,^ 
fused with the murine cell line P3X63 Ag8.653 3 days after jhe , 
fourth immunization- using 50% polyethylene glycol (r. v. ZJTOV ^ 
Two hybrids, MTO-1 and MTO-2, were selected based on ite 
ability of culture supernatants to bind to F36/22 but not to 
control antibody 2A31F6 (IgG3, «) in an enzyme, linked. v ^ 
immunosorbent assay f EUSA) and doned by limiting dilution. u 
Paratope spedGdty of Ab2 was demonstrated in two EL1SA a4 
assays. First, the binding of labeled F36/22 to DCA was inhibited. , 
100% and 75% by 1.6%g of MTO-2 and MTO-1 rcspectivehr., , 
Second, the binding of labeled Ab2 to Abl was inhibited by. M 
purified DCA. MTO-1 neither enhances nor inhibits the bjndjnf v 
of labeled MTO-2 to Abl although in the presence of MTO-2, ^ 
binding of labeled MTO-1 is enhanced by 100% indicating trot 
these Ab2 recognize distinct idiotopes. Rabbits immuntxed W- 
weekly with MTO-1 or MTO-2 developed antibodies that bouna 
specifically to DCA demonstrating that MTO-1 and MTMbeaj 
the internal image of DCA. These data suggest that MTO-1 ana 
MTO-2 could potentially be utilized to immunize . Jugn. ns*. 
patients against progression or development, of DCA P9S |ttVC 
tumors. 
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Tumor vaccination 



Jules E. Harris, MD 
Donald P. Braun, PhD 

Rush Medical College of Rush University 



An autologous 
whole-cell vaccine 
has been shown 
to induce DHR 
to the whole-cell 
component, as 
well as significant 
regression 
of metastasis 
in patients 
with metastatic 
malignant 
melanoma. 
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Tumor vaccination is an active, specific 
immunotherapy for malignant dis- 
ease. It may be defined as "the admin- 
istration of tumor cells, modified tumor cells, 
or tumor-cell surface-membrane preparations 
to stimulate or to augment various compo- 
nents of antitumor immunity to induce tumor 
regression or to prolong tumor remission 
achieved by conventional therapy." 1 

Vaccines also may be considered a type of 
biologic response-modifier therapy. The ap- 
proach is based on the belief that the host is 
capable of mounting an effective immune 
response against tumors if appropriately 
stimulated, a belief that was first advanced 
around the turn of the century. 2 The concept 
of immunologic surveillance, which evolved 
some 40 to 50 years later, suggested that the 
human host was capable, under certain cir- 
cumstances, of rejecting a tumor essentially 
in the same manner as a homograft was 
rejected. 3 

The first attempt to vaccinate humans 
against cancer was undertaken in 1902. 4 In 



Antitumor Immune 
Mechanisms 



• Activated macrophage cytotoxicity 

• Cytotoxic T cells yf 

• Natural killer (NK) cells 

• Lymphokine-activated killer ceils 

• Humoral antibodies (complement 
dependent) 

• Antibody-dependent cellular cytotoxicity 
(complement-independent, macrophage, 
neutrophil or NK-cell-dependent) 



this initial attempt, fluid was extracted from 
tumors in patients with advanced disease. 5 
Over the next 50 years, a great variety of 
tumor cell preparations obtained from autolo- 
gous or allogeneic tumors were used, gener- 
ally to treat patients with advanced disease. 

Fresh interest in the clinical potential of 
tumor vaccination was stimulated in the 
1950s and 1960s by experimental studies 
conducted in syngeneic rodents. These dem- 
onstrated unequivocally that chemically in- 
duced and virally induced tumors had both 
shared and uniquely individual tumor- 
specific transplantation antigens (TSTAs). 

Humoral and cellular immune responses 
were shown to exist in patients with cancer; 
these were found to be directed against 
tumor-associated antigens (TAAs) rather 
than against TSTA. Also, TAAs were found 
on embryonic cells and tumor cells. The 
"unique antigens" on human tumor cells 
appear to result from tumor cell dedifferenti- 
ation for display of a partial embryonic-cell- 
membrane antigenic profile. Other TAAs 
arise as a consequence of the modification of 
norma] "self antigens producing an "al- 
tered self phenotype. 

MANY UNRESOLVED CLINICAL ISSUES 

The principal human immune responses to 
tumor antigens are listed in Table 1. It has not 
been definitively established which of these 
immune responses, alone or in combination, 
are the most important in a host response to 
cancer, nor is it clear which should be tar- 
geted for stimulation with tumor vaccination. 
There are many unresolved issues pertaining 
to the actual vaccine formulation that need to 
be addressed; some of these depend on 
whether the vaccine formulation is based on 
intact tumor cells (Table 2) or tumor cell 
extracts or products (Table 3). 

In addition to vaccine formulation, several 
other questions remain: 

■ Should cellular extracts or whole cells 
be mixed with immunomodulating adjuvants 



to increas e tumor vaccine immunogeniciM 
T^i Should fumor vaccines witn or without 
adjuvants be used alone or in combination 
with cytotoxic drugs that can modulate or 
suppress undesirable immune responses? 

■ Should cytokines be used to augment 
immune responses to a vaccine? 

■Is there a place for tumor vaccination in 
patients with advanced cancer? 

■What is the appropriate dose, schedule, 
and route of administration for effective 
tumor vaccination? 

■ What measurement or surrogate biologic 
end point can be used to assess the biologic 
effectiveness of the vaccine? 

_Will the immune response against TAA 
pfdduced by a human tumor vaccine be selec- 
tive and specific for tumor cells or will 
autoimmune reactions against normal cells 
be a possible toxicity associated with 
vaccination? 

Advances in molecular genetics and the 
availability of monoclonal antibody reagents 
now make it possible to purify cells and cell 
components with defined and unique anti- 
genic characteristics for use in human tumor 
vaccines. However, a number of the promis- 
ing clinical trials of tumor vaccination con- 
ducted in the 1970s and 1980s used relatively 
simple and empiric methods of tumor vacci- 
nation preparation. 

In one study, surgically resected stage I 
and II lung cancer patients were treated with 
a vaccine prepared from allogeneic tumor 
cells. 6 Cell membranes from viable tumor 
cells were subjected to low-frequency sonica- 
tion and the soluble material separated with 
Sephadex G-200. Polyacrylamide gel electro- 
phoresis was used to purify protein band 
material, which could elicit delayed hy- 
persensitivity reactions (DHRs) in lung 
cancer patients. This material was adminis- 
tered intracutaneously in combination with 
Freund's complete adjuvant (FCA) in a se- 
ries of three injections at monthly intervals 
Jbeginning abo ut 1 month after surgery. 

pnoTsttniieS* suggested tnat tnis form of^ 
therapy delayed or prevented tumor recur- 
rence. The approach was tested in a large 
multicenter clinical trial, which found no 
difference in survival between control pa- 
tients and patients treated with FCA alone or 
with FCA and tumor antigen. 6 No autoim- 
mune toxicity was noted during the course of 
these studies. Peripheral blood monocytes 
producing excessive amounts of prosta- 
glandins appeared in the circulation prior to 



Critical Issues for 
Wholc-Thmor-Cell Vaccines 



Should autologous or allogeneic cells be 
employed? ^ if 



Should cells be obtained from fresh surgical 
specimens or from tissue cell lines? 

Should cells first be irradiated to maintain ^ 
their membrane integrity but prevent their 
proliferation? 

How can the reproducibility of vaccine 
preparation be assured? 

How can whole tumor cells be used that are 
gene modified for the following phenotypic 
changes (individual or in combination) to 
enhance immunogenicity: (1) expression of 
HLA class I or II antigens and/or adhesion 
molecules; (2) secretion of immuno- 
modulatory stimulating cytokines, such as 
interleukin-2 or tumor necrosis factor; and 
(3) secretion of chemotactic cytokines? 



y 



clinical relapse in patients who failed in all 
three arms of the study. 

Further analysis of this clinical trial, how- 
ever, suggests that a survival benefit may 
have been obtained in the fraction of patients 
in whom careful attention was paid to thor- 
ough homogenization of tumor antigen in the 
FCA. Vaccinated long-term survivors also 
may have developed more intense DHRs to 
tumor antigen. The methods employed in this 
study, although important and innovative, 
need to overcome the problematic nature of 
the technique's purification process and re- 
producibility (Table 3) before wider applica- 
tion in humans is feasible, 



A tumorvaccination study in patients with 
surgically resected Dukes B 2 through C 2 col- 
orectal cancer was conducted, based on rigor- 
ously evaluated preclinical experimental ani- 
mal data in which requirements for effective 
immunotherapy were established. 7 An ele- 
gant series of studies of a guinea pig line- 10 
hepatocarcinoma model showed convincing- 
ly that bacillus Calmette-GuSrin (BCG) ad- 
mixed with syngeneic tumor cells could in- 
duce sufficient systemic, immunity to elimi- 



The concept 
of immunologic 
surveillance... 
suggested that 
the human host 
was capable 
under certain 
circumstances of 
rejecting a tumor 
essentially in the 
same manner 
as a homograft 
was rejected. 



Humoral and 
cellular immune 
responses were 
shown to exist in 

patients with 

cancer; these 
were found to be 
directed against 
tumor-associated 

antigens.... 



nate a limited metastatic disease burden. 8 
These studies controlled for variables such as 
the number and viability of tumor cells, and 
ratio of viable BCG organisms to tumor cells. 
In the pilots that evolved from these trials, 
patients were randomized to a control arm or 
were vaccinated with their own tumor cells, 
obtained from surgical specimens at the time 
of operation and cryopreserved until thawed 
and irradiated prior to use. 9 Treated patients 
underwent a schedule of three intradermal 
vaccine treatments weekly beginning 4 to 5 
weeks after tumor resection. 

The first two vaccine preparations con- 
sisted of irradiated cells and BCG; the third 
vaccine preparation was composed of irradi- 
ated tumor cells alone. Vaccinated patients 
developed augmented DHR to their autolo- 
gous tumor cells with greater frequency than 
nonvaccinated patients. A DHR increase to 
autologous normal intestinal mucosa cells 
was not seen. An Eastern Cooperative Oncol- 
ogy Group trial is now evaluating this ap- 
proach for surgically resected Dukes B 2 and 
B 3 patients. 

FIRST TRIALS WITH HUMAN 
TUMOR VACCINES 

These studies, the first truly large, random- 
ized, controlled, multi-institutional clinical 



Critical Issues for 
l\imor-CelI-Extract 
Vaccines 

What method of antigen extraction should 
be employed? 

Should material be derived from a single 
source or should pooled material from a 
number of sources be used? 

What methods are to be used to identify 
material in cellular extracts that will produce 
the most effective stimulation of antitumor 
immune responses? 



Should extracted material be separated from 
HLA antigens that are present on both 
normal and malignant cells? 



How can reproducibility of vaccine 
preparation be assured? 



trials of human tumor vaccines for solid 
tumors, are examples of the use of whole 
cells and cell extracts for human tumor- 
vaccine preparation. In each case, an ad- 
juvant substance was added to enhance the 
immunogenicity of the vaccine. 

An autologous whole-cell vaccine has 
been shown to induce DHR to the whole-cell 
component, as well as significant regression 
of metastasis in patients with metastatic ma- 
lignant melanoma. 10 Patients received cyclo- 
phosphamide before the vaccine in an at- 
tempt to modulate the activity of suppressor 
T-lymphocytes. The vaccine was prepared by 
methods similar to those previously de- 
scribed 7 and combined with BCG. 

Other investigators have also used cyclo- 
phosphamide to inhibit suppressor T-lym- 
phocyte activity prior to the administration of 
a malignant melanoma vaccine. 11 The vac- 
cine preparation consisted of mechanically 
disrupted allogeneic tumor cells from mela- 
noma cell lines. The concentration of vaccine 
was standardized in the preparation through 
measurements of a melanoma-associated 
antigen. 

Measurement was performed by binding 
inhibition enzyme immunoassays using a 
monoclonal antibody. The vaccine was given 
subcutaneously with an adjuvant consisting 
of detoxified endotoxin (monophosphoryl 
lipid A) mycobacterial cell wall skeleton and 
squaPane oil. In this trial, regressions of 
disease were seen in patients with metastatic 
disease. 

VIRAL ONCOLYSATES FOR HUMAN 
TUMOR VACCINATION 

The use of viral oncoly sates for human tumor 
vaccination combines the potential immuno- 
genic benefit of whole cells with the value of 
cell extracts. 12 Viral oncolysates are homoge- 
nates of virus-infected cells. The virus in the 
mixture is believed to have an adjuvant rather 
than an antigenic role. Allogeneic and autolo- 
gous viral oncolysates have been used in 
human immunotherapy. Influenza virus and 
vaccinia virus have been most frequently 
used in the preparation of viral oncolysates 
since the first report of this procedure in 
1974. 13 

Pilot studies have suggested a protective or 
therapeutic benefit for viral oncolysates in 
gynecologic cancer, melanoma, and sarcoma. 
However, these reports must be considered 
anecdotal until larger randomized inves- 
tigations are conducted. 
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It may be possible to vaccinate against 
some human cancers by immunizing against 
those few viruses presently known to be 
associated with cancer in humans. Hepatitis 
B virus infection is associated with the devel- 
opment of primary hepatocellular cancer. Im- 
munizing against this virus- will prevent its 
hepatic* damage and may reduce the inci- 
dence of associated cancer. 14 

Finally, one of the most innovative ap- 
proaches to tumor vaccination that has been 
developed relies on the use of idiotypic 
molecules that reiterate the molecular 
configuration of tumor-associated antigens. 
This approach is based on principles that 
predict that the variable regions of immuno- 
globulins and T-cell receptors that are 



responsible for antigen recognition are them- 
selves capable of provoking both B-cell and 
T-cell immunity. 15 

These concepts led other investigators to 
vaccinate patients who have B-cell lym- 
phoma with the autologous immunoglob- 
ulins from each patient's tumor following 
cytotoxic chemotherapy 16 (Figure). Vacci- 
nated patients developed either humoral im- 
munity, cellular immunity, or both; in the 
two patients with measurable disease, com- 
plete tumor regression was observed. These 
preliminary results demonstrate the feasibil- 
ity of idiotypic vaccination for B-cell and 
T-cell malignant diseases and suggest that 
similar approaches might also be developed 
for nonlymphoreticular malignancies. 
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ABSTRACT 

We evaluated the use of Bacillus Cafmette-Guerin ad- 
mixed with tumor cell* as a vaccine to Induce systemic 
tumor Immunity for therapy of subclinical (mlcroroeta- 
statlc) disease. In several experiments inbred strain 2 
guinea pigs were given i.v. injections of either 10 4 , 10 5 , or 
10* syngeneic UO hepalocarclnoma cells, and initial vac- 
cinations were administered either 1 or 4 days after tumor 
inoculation. Variables In vaccine preparation, such as 
ratio of viable Btcitlus Ca/mette-Gue7in organisms to 
tumor cells, procedures for freezing the tumor cells, X* 
ray treatment of tumor cells, and vaccination regimen 
were evaluated. The studies demonstrated that under 
defined conditions nontumorlgenic vaccines of Bacillus 
CAlmette-Guerin and tumor cells can cure the majority of 
animals of otherwise lethal visceral micrometastases. 

INTRODUCTION 

The strategy of immunotherapy for cancer in experimen- 
tal animal models and humans is limited by many factors 
Including the stage, type, and location of the tumor; the 
level of antigenicity of the tumor cells; and the status of the 
host immune response. Clinical immunotherapy has been 
proceeding with relatively limited guidance from experi- 
mental animal models. Of the several approaches to immu- 
notherapy of localized tumor and/or disseminated minimal 
residual tumor, immune potentiation by microbial agents 
has received the greatest attention. The most encouraging 
experimental and clinical data to date have resulted from 
protocols consisting of bacterial vaccines or nonspecific 
immunostimulants. primarily Mycobacterium bows strain 
BCG, 2 administered i.t. (17. 18. 21) or systemicaily either 
alone (7, 8. 16) or admixed with tumor cells in the form of a 
vaccine (22, 23). One impetus for the use of BCG in 
immunotherapy has been the development of an experi- 
mental system that meets some of the requirements of a 
model to study an established tumor with regional lymph 
node metastasis (19). it has been demonstrated that regres- 
sion of transplanted syngeneic hepatocarcinomas growing 
in the skin of inbred strain 2 guinea pigs and elimination of 
regional lymph node metastases are achieved in the major- 
ity of animals after i.t. injection of viable BCG (12. 26). This 
particular aspect of immunotherapy in the guinea pig 
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model, although intriguing, is very limited with respect to 
the type, stage, and location of the tumor as well as with 
respect to the route of administration of BCG. Nevertheless, 
the initial studies established 1 fact that has broad implica- 
tions. During BCG-mediated tumor regression and elimina- 
tion of regional lymph node metastases, there is the devel- 
opment of systemic cell-mediated tumor immunity demon- 
strated by rapid rejection of a second tumor challenge 
several weeks after BCG treatment (11. 25, 27). This is a 
very important aspect of the model since it is known that, 
at the tumor stage when BCG administration is optimally 
effective, surgical excision of the tumor and regional lymph 
node would also be curative. However, no significant devel- 
opment of tumor immunity is achieved with surgery alone. 

We recently demonstrated the effectiveness of tumor 
immunity induced by i.t. injections to eliminate artificially 
produced distant tumor foci (9, 10). This aspect of the BCG 
therapy model becomes important when one considers 
that adjuvant immunotherapy has been primarily tested in 
cancers for which control of primary tumors is available 
with surgery, radiotherapy, and/or chemotherapy, but 
where there is a substantial rate of relapse. Recurrence is 
usually thought to be due to a small number of residual 
tumor cells. Adjuvant immunotherapy is intended to eradi- 
cate the residual tumor cells by enhancing immunological 
mechanisms. However, based on all that we have learned, 
the translation to humans of the results of i.t. BCG injection 
in the guinea pig model would require careful attention to 
certain aspects of the treatment. These include tumor 
stage, dose, injection, route, regimen, and source of BCG. 
This is not always possible in human cancer, for which 
immunotherapy is often used for advanced cancer after 
other forms of treatment have failed. In addition, this model 
is inappropriate for cases in which i.t. injections are not 
possible. 

An important advance in this guinea pig immunotherapy 
model would be to achieve effective systemic tumor immu- 
nity without the i.t. injection of BCG. We have approached 
this problem by systematically evaluating the ability of vac- 
cines of BCG admixed with tumor cells to eliminate a 
disseminated tumor burden. Although previous attempts at 
BCG-tumor cell vaccine immunotherapy both in inbred 
guinea pigs (3) and in humans (see Ref . 20 for review) have 
been limited and somewhat discouraging, relatively little 
has been done to determine the optimal conditions for 
vaccination. Here we investigate a number of variables 
such as the ratio of viable BCG organisms to tumor cells, 
the freezing procedures, the X-ray treatment of cells, and 
the vaccination regimen. Although these factors cannot 
possibly be investigated systematically in humans for ethi- 
cal reasons, they can be studied in the guinea pig model. 
Our studies demonstrate that, under defined conditions. 
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nontumorigenic vaccines of BCG and tumor cells can cure 
the majority of animals with lethal disseminated tumors 
established as visceral micrometastases. 

MATERIALS AND METHODS 

Animals. Inbred male Sewall Wright strain 2 guinea pigs 
were obtained from the Frederick Cancer Research Center 
Animal Breeding Section. These guinea pigs were shown 
to be histocompatibie by skin .grafting. They were housed 6 
to 10 per cage and fed Wayne guinea pig chow and kale; 
they weighed 400 to 500 g at the beginning of the experi- 
ments. 

Tumors. Induction of primary hepatocarcinomas in strain 
2 guinea pigs after they were fed the water-soluble carcin- 
ogen, diethylnitrosamine, was described previously (19). 
The antigenic and biological properties of the transplanta- 
ble ascites tumors developed from the primary hepatocar- 
cinomas have also been described (28). 

Ascites hepatocarcinoma cells, L10, were harvested and 
washed 3 times in HBSS and diluted to desired concentra- 
tions. One-ml doses of L10, ranging from 10 4 to 10 6 cells/ 
dose, were injected into the dorsal vein of the penis, 
producing artificial vascular metastasis. Injections of TO* 
cells resulted in the death of approximately 70 to 80% of 
the animals, whereas 10* and 10 6 cells were fatal to ail 
animals- The times of death varied as a function of dose, 
and all animals died as a result of metastasis to the lung, 
mediastinal lymph nodes, and hilar lymph nodes with con- 
current visceral metastases. 

BCG. M. bovis strain BCG (Phipps strain TNC 1029) was 
obtained from the Trudeau Institute (Saranac Lake. N. Y.). 
Preparations of BCG, stored at -70°, were rapidly thawed 
in a 37° water bath and diluted to proper concentrations. 

Vaccine Preparation. The L10 tumor was maintained by 
i.p. passage in guinea pigs. Ascites cell preparations were 
removed and washed in HBSS. The L10 cells used in 
vaccine preparation were either fresh or frozen and thawed. 

in preparation for freezing, the cells were concentrated 
and suspended in an equal volume of chilled 15% dimethyl 
sulfoxide plus 10% fetal calf serum-HBSS solution. The 
final suspension was 2 to 6 x 10 7 cells/ml. Two-ml aliquots 
of the L10 cell suspension were frozen at controlled rates 
in a Linde SF4 Biological Freezer at -1°/min to the critical 
freezing point, flash-frozen through the heat of fusion, and 
continued at -17min to a final temperature of -60°. The 
rate of freezing was monitored on a Honeywell Electronic 
III. The vials were stored in liquid nitrogen. The rationale 
for this method of freezing has been described in detail 
elsewhere (14, IS). The vials were rapidly thawed in a 37° 
water bath. Frozen-thawed cells were slowly diluted to 50 
ml in HBSS, washed once, and resuspended in preparation 
for X-ir radiation. Suspensions of fresh and frozen-thawed 
cells were X-irradiated in 50-ml beakers on ice. X-irradiation 
was performed with a Phillips MG 301 X-irradiation unit at 
500 R/min. A total X-irradiation dose of 20,000 R was 
achieved. Cell viability counts were performed with the use 
of the trypan blue dye exclusion test, and viability after 
irradiation of either fresh or frozen-thawed cells was gen- 
erally 90%, with less than 10% variation between the fresh 
or frozen-thawed cells. 



Immunotherapy of Micrometastases 

BCG (10* organisms/ml) was added in equal volume to 
viable L10 (10 B cells/ml) for a vaccine ratio of 10:1. A 
vaccination consisted of an i.d. injection of 0.2 ml. For 
ratios of 1:10. BCG (10 9 organisms/ml) was diluted 1:100 in 
HBSS. and aliquots were mixed with 10 B viable L10 cells/ 
ml. These vaccinations also consisted of an i.d. injection of 
0*2 ml. All vaccinations were performed less that 1 hr after 
the BCG-tumor celt mixtures were prepared. 

In preliminary vaccination experiments, the L10 cells 
were irradiated with 12,000 R; however, we noticed that, 
although this irradiated cell preparation was not tumori- 
genie when admixed w'ith BCG, it was tumorigenic when 
administered i.d. in the absence of BCG. We were con- 
cerned that any growth of 12,000-R X-irradiated L10 cells 
in the skin might preempt developing tumor immunity and 
thus render the treatment ineffective against disseminated 
tumor. Therefore, 20.000-R X-irradiation was used in all 
subsequent experiments with L10 cells in BCG-tumor cell 
vaccines. Animals were given i.v, injections, in the dorsal 
vein of the penis, of either 10*. 10 5 , or 10* L10 ceils in 1-mI 
volumes. All vaccinations were given i.d., beginning in the 
upper right dorsal quadrant. Successive vaccinations were 
given in different sites or i.l. in the previous vaccination 
site. Vaccinations were performed either 1 and 1 days or 4 
and 10 days after i.v. L10 injection. 

RESULTS 

An i.v. dose of 10* L10 tumor cells does not lead to the 
death of all guinea pigs. Approximately 25% of the animals 
will survive clean injections where leakage did not occur to 
the regional site. This inoculum is the optimal dose for 
assessing the influence of the nonspecific side effects of 
vaccination on tumor cell arrest, the extravasation and 
establishment in organs, and the immunologically specific 
effects of the vaccine. Thus, at this initial tumor cell dose 
of 10 4 , vaccinations were performed at either 1 and 7 or 4 
and 10 days after i.v. injections of L10. 

Several modes of vaccination as well as 2 ratios of viable 
BCG to tumor cells were tested In guinea pigs given i.v. 
injections of 10 - L10 cells. The BCG-tumor ceil ratios were 
10" BCG or 10* BCG admixed with 10 7 L10. These were 
administered as either a single vaccination, a single injec- 
tion of BCG-L10 vaccine followed 6 days later by an i.l. 
injection of L10 into the previous vaccination site, a single 
injection of BCG-L10 vaccine followed 6 days later by an 
injection of L10 alone on the opposite side, or 2 separate 
Injections of BCG-L10 vaccine. Also, the efficacy of frozen 
L10 cells was compared to that of fresh L10 cells. The 
results are shown in Table 1 - 

Compared to the untreated tumor-bearing guinea pigs, 
no significant difference in survival was detected In animals 
treated with 2 i.d. injections of BCG or tumor cells alone, 
regardless of whether the Initial treatment was performed 1 
or 4 days after i.v, injection of L10. 

Single BCG + U0 vaccinations at ratios of 1:10 or 10:1 
did not confer significantly greater protection than did 
vaccinations of BCG alone, tumor cells alone, or nontreated 
controls. Furthermore, these 2 BCG:L10 ratios could not 
be associated with significant differences In survival of 
animals given i.v. injections of 10 4 tumor cells, regardless 
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Table 1 

Survive of guinea pigs given />. injections of 10* syngeneic L1Q 

hepatocarc/noma ceils 
This experiment was terminated at 280 days after tumor injec- 
«on; all nontreated controls died by 120 days. Significance of 
differences m survival was calculated by the Fisher 2-tailed exact 
test 



Treatment* 



None 

(10* BCG) (10* BCG) 
(10' L10) (10* L10) 
(10* BCG + 10 7 L10)* 
(10 - BCG 4 10 7 L10}* 

(10* BCG -*- 10 7 L10) (10 7 L10 i I ) 
(10- BCG + 10 7 L10) (10 7 L10 i.L) 
(10 1 BCG + 10' FLIO') (10 7 FL10 i.|.J 

(10" BCG + 10 7 L10)(10 7 L10) 
(10* BCG + 10' L10) (1Q 7 L10J 

f^BCG + 10 7 L10) (W BOG + 10' L10) 
(10" SCC + TO 7 L10) (10' BCG + 10 r L10) 



No. of survivors/ 
total no. of 

animals/group at 
following 

vaccination times 

after i.v, iniection 
of tumor 


Days 1 


Days 4 


and 7 


and 10 


3/12 




3/12 


3/10 


2/10 




4/10 


4/10 


2/10 




B/10 


8/10 


9/1Q 




6/10 




10/10 


10/10 


10/10 


9/10 


10/10 


10/10 


9/10 


10/10 



as described in S^^,^ >» n «■ •«»*■ 
xio^ aCCmatmnS WCre admini ^red as sing.e sequential i nJeC - 
e FL10. frozen-thawed L10. 

iLTfJ! CCi H at -° n . SChedl " e - Com P«red to those animals 
hat received single vaccinations of BCG + L10. BCG or 

itaSSrt'Sr 8 C r parBd t0 the "ontreated controls. 
Kfilf dlfferB . nces ,n survival w ere achieved in tumo^ 
bearing gumea p.gs that received the second vaccination 

£01), or BCG-L10 mixture (p < 0.01). From 60 to 100% of 
the animals survived in these treatment groups, regress 
of whether the initial vaccine was administered 1 or 4 days 
2S'"h ' < 'T?™- U ° si 9"'«cant differences in efficacy 
were detected between fresh L10 cells and frozen U0 

««? 2 . 8 °. d ^ y f * re P resentati ve groups of the survivors either 

r 0 n d ed rr r immunity ^ <™™™ 4°. 

autonJ^ 6nfle ° f 108 110 ce " 3 or were billed and 
Sa I tE 5 rgros f s and hislol °9^' examination for resid- 
rtrlT , t ° ne ° f the anima,s aut «Psied had any evidence 
of esidual tumor. Tumor challenge groups varied in their 

tSenV2f C nL C r tr ^ fl i tera, Cha " enfle « a 

treated ^with BCf i COntr °' S ° r 9r0Ups lhat had b °°" 
treated with BCG or tumor cells atone failed to reieei 

not tumor immune at 280 days after treatment. Seventy to 
90% of the survivors in the various muitiole varriJLn 
groups rejected contralatera! challenge r SENSES' 

lateral challenge, could be detected among these^men 
groups. These data demonstrate that animus thatTuS 
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after treatment with ineffective modes of vaccination wer* 
no tumor .mmune. whereas significant protection as^ln 
as ; long-term tumor immunity was conned on those 2 
mats that received efficacious modes of vaccination 

Injections of 10= or 10* syngeneic LI0 cells i"v „. 
routinely fatal in strain 2 guinea pigs. Vaccinations of BCr 
atone or tumor cell atone conferred no protect * h 
tumor-bearing guinea pigs when the animals were alJS 

?f C ^l C 1V 8 ? d 7days after , v - tumor 'noculation (Table 
Irr ,7n * a ' trea,ment V™** was ■ ««netk» of the 
fS oV nf 6 ",^* a Wilh0Ut exce P"0". I" fluinea pigs given 
10» or 10« cells i.v.. a vaccine containing BCG L10 cells in 

SJr B0 *f«° :1 yfe ' ded Si9nificant P^tectS wSereas a 
ratio of 1:10 was ineffective. Thus, the ratio of viable BCG 
organisms to tumor cells is a critical factor in the efficacy 

thVE™ , and 8 ,a / 9e am0Unt of BCG i3 ^ 
he initial vaccination. No significant difference in protec- 

i^i C( S?o 6 deteCted when the 9 rot, P tnat r *»ived a 
sing e BCG + L10 vaccination (10:1) was compared to a 
s.milar treatment group that received a second i.1 Lio 
injection. In contrast, survival was achieved in those ani- 
mals that received a second injection of LlO alone or BCG 
+ lio on the opposite side (p < 0.02 or p < 0 01 
respectively), in 2 groups of animals given I.v. injections of 
10 L10. no significant difference in protection was detected 
when frozen-thawed L10 was used in the vaccine in place 
of the fresh L10. 

One important consideration was whether BCG-immune 
guinea pigs could generate effective tumor immunity after 

Table 2 

Survival of guin*, pigs given i.v. injections of W or 10' syngeneic 
Lio hepatoearcinoma cells 
These experiments ware terminated at 240 davs afi P r i.,m Ar 
inject™. All nontreated controls in the i 0 » group >T*, t 95 davt 
and all nontreated controls in the 10« group died by 77 da«' 



Treatment 0 



Mono * — 

(10" BCG) (10 B BCG) 
(10 7 L10) (10 7 L10) 
(10* BCG + 10' L10)* 
(10« BCG + 10' L10) 6 

(10* BCG i 10 7 Ll0)(10 7 L10i|) 
(10« BCG - 10' L10) (10? L10 i V( 
(10« BCG * 10 7 FL10 r ) (10 7 Lib FL10 i.l.) 

(WBCG i 10 7 L10)(10 7 L10) 
(10 4 BCG * 10 7 L10)(10 7 L10) 

JIZ «° G * 10? L10 > ' 1 ° 6 BCG + 107 L10) 
2. ££ G + 10? L10 ^ BCG + W L10 
(IO^BCq j^^uojjio* BCG 4 1 0 7 FL10) 

" Treatments were administered 6 davs arjart nn A„ ftAf ?M ^ 
as described in "Materia.s and Methods " PP ° S ' te S ' des 

^ Vacc.nat.ons were administered as single sequential ln, eC - 

c FL10, frozen-thawed ll 0. 



No. of survivors/ 
total no. of 

animals/group at 
following j,v. 

tumor cell dose 


10* 


10* 


0/10 


0/10 


0/10 


0/10 


0/10 


0/10 


1/10 


0/10 


2/10 


0/10 


1/10 




5/10 




5/10 




1/10 


0/10 


9/10 


3/10 


1/10 


1/10 


9/10 


8/10 


9/10 
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BCG L10 vaccination. Normal guinea pigs as well as 
guinea pigs previously immunized to BCG and shown to be 
PPD positive by skin testing were given i.v. injections of 
10 s L10 cells. In this particular experiment vaccinations 
were performed 4 and 10 days after i.v. tumor inoculation. 
Two modes of vaccination, BCG + L10 (10:1) at Days 4 and 
10 and BCQ + L10 (10;1) at Day 4 followed by i.l. L10 at 
Day 10, were compared in PPD-positive and PPD-negative 
guinea pigs. Regardless of whether or not the animals 
were PPD positive, the 2 modes of vaccination conferred 
significant protection (p < 0.01) and did not differ signifi- 
cantly (Table 3). 

We next investigated whether multiple BCG + L10 vacci- 
nations at either the 10:1 or 1;10 ratios would improve 
survival in comparison to single or sequential vaccinations. 
Guinea pigs were given i.v. injections of 10 s L10 cells and 
vaccinated on either 1 day, 1 and 7 days, or 1. 7, and 14 
days after i.v. tumor inoculation. Treatments consisted of a 
single vaccination of BCG L10 followed by L10 alone or 
by BCG + L10. 2 simultaneous BCG + U0 vaccinations 
followed by 2 simultaneous injections of L10 alone or of 
BCG 4 L1Q, or 3 sequential vaccinations of BCG -r L10. 
The results are shown in Table 4. 

Initial BCG + L10 vaccinations at a ratio ot 1:10 were 
ineffective regardless of the vaccination schedule. Signifi- 
cant protection (p < 0.01) was achieved with all initial 
vaccinations at ratios of 10:1 . but no significant increase in 
survival was achieved by multiple or sequential vaccina- 
tions. 

DISCUSSION 

Vaccines consisting of tumor cells admixed with BCG, 
under certain defined conditions, are effective in control- 
ling and eliminating mlcrometastases in a syngeneic guinea 
pig tumor system, regardless of whether the animals are 
BCG immune or not. At the outsel it should be stated that 
this experimental model has major limitations in that it is a 
transplantable tumor established for a short time in normal 
guinea pigs and m that the system out of necessity does 
not take into account such factors as individual variations 
between the biological behavior of tumors of other histolog- 

Table 3 

Survtval of guinea pigs given i.v. injections of 10 z syngeneic L10 
hepatocarcmoma cells: effectiveness of vaccination m BCG- 

immune guinea pigs 
Guinea pigs were given f.d. injections of 10 B BCG and skin 
tested wdti PPD 21 days after immunization; 2 weeks later animals 
were given i.v. injections of 10 s UO. The experiment was termi- 
nated 270 days after tumor injection, and all non treated controls 
died by 128 days after tumor injection. Significance of differences 
in survival was calculated by the Fisher 2-tailed exact test. 



Survivors/ 

PP0 total no. oi 
eensmv- animals/ 
ity Treatment at 4 and 10 days group 



None 0 
-+ None 0 

(10* BCQ » 10 7 110) (10* BCG + 10 7 110) 5/10 

+ (10* BCG + 10' L10) (10» BCG 4 10' L10) 6/10 

(10 1 BCG + 10' L10) (10' L10 l.l.) 2/10 

4 (1Q« BCG 10' L10) (10* L10 i.l.) 6/10 



Immunotherapy ot Micrometastase$ 
Table 4 

Surivat of guinea pigs given i.v. injections of 10* syngeneic U0 

henatncarcinoma cells: effect of multiple vaccinations 
This experiment was evaluated at 120 days after i.v. tumor 
injection, end all animals in the nontreated or single vaccination 
control groups died by 70 days. Significance of differences in 
survival was calculated by the Fisher 2-tailed exact tost. 

Survivors/total 
no. of animals/ 



Treatm e nt" gro up 

None k 0/13 

<10«BCG + 10 7 L10) 6 0/10 

(10* BCG *■ 10' L10)* 0/10 

<10» BCG + 10' L10) (10 T L10) 0/10 

2(10 8 BCG + 10 T L10) 2(1Q f U0) r 1/9 

(10* BCG ' 10 T L10) (10 T UO) 3/10 

2(10* BCG • 10* UO) 2(10' U0> 6/10 

(10 s BCG + 10' L10) (1Q> BCG + 10 r L10) 1/10 

2(10' BCG t 10 7 L10) 2(10* BCG + 10 T U0) 1/10 

(10* BCG + 10 7 UO) (10° BCG 10 T L10) S/10 

2(10" BCG t 10 7 UO) 2{10 6 BCG + 10 T UO) 6/10 

(10 1 BCG + 10 7 U0) (10* BCG * 10 7 UO) 
(10« BCG «• 10 ? UO) 



° Treatments were administered 6 days apart on opposite siaes, 
as described In "Materials and Methods " * , 

6 Vaccinations were administered as single injections- 
e Two simultaneous injections. 

ical types and the limiting factors of the host. Thus, the 
model may be used to answer only specific questions 
fundamental to immunotherapy of micrometastasis, 

Under natural conditions the development of metastasis 
is dependent upon an interplay between properties of the 
host and properties of the tumor cells. The process is 
highly selective and represents the end point of several 
destructive events from which few tumor cells survive. Only 
a few tumor cells within the primary neoplasm may actually 
invade blood vessels, and of those even fewer will survive 
in the circulation. Similarly, not all malignant cells that 
survive transport are successfully arrested, undergo extra- 
vasation, etc. Also, tumor cells, in principle, could be 
susceptible to host immune and nonimmune defense 
mechanisms that could destroy malignant cells during any 
of the steps described above (5, 6). 

Metastasis was artificially induced in guinea pigs by i.v. 
injection of L10, and treatment was not started until ade- 
quate time had elapsed to ensure extravasation and locali- 
zation of tumor cells into the parenchyma of visceral or- 
gans. No significant difference in the effectiveness of vac- 
cines was found when the treatment was started 1 or 4 days 
after tumor ceil transplantation. It has previously been 
demonstrated with i.v. injection of B16 melanoma in mice 
(4) that, between 1 and 4 hr after i.v. transplantation, tne^e 
is a 50% reduction in the number of arrested tumor ceus m 
the lung, and at 24 hr only 2% of the cells are retainec m 
the lung as a stable metastatic population. Thus, the results 
of any treatment administered prior to 24 hr after transoV.- 
tation are impossible to interpret since beneficial eff«ts 
could be due to prevention of metastasis rather than to 
treatment. In this study the lack of difference between 



JANUARY 1978 



207 



01/28/2001 FRI 16:31 FAX 216 368 6421 CLEVE HEALTH SCI LIBRARY MC T 4 



1&006/007 



M. 6- Hanna, Jr., and L C- Peters 

various effective vaccines when treatment was adminstered 
1 or 4 days after transplantation suggests that a therapeutic 
effect was indeed achieved with these vaccinations. 

It was clear from this study that, of the 2 basic BCG- 
tumorcell vaccines used, the preparation consisting of 10* 
viable BCG admixed with 1Q 7 tumor cells was more effective 
over a broad range of increasing initial tumor burdens than 
was that of 10 6 BCG admixed with 10 7 tumor cells. Although 
the latter was effective at initial tumor burdens at 10 4 L10, it 
was ineffective when the initial tumor cell Inoculum was 
increased to 10* HO. Whether this 10:1 BCG:tumor cell 
ratio is critical or simply a function of total BCG cannot be 
determined from these studies. However, in a study of the 
effectiveness of BCG-tumor cell mixtures as vaccines 
against LSTRA murine leukemia (2), it was found that 
immunity was high (100%) if the BCG:LSTRA ratio was low 
(either 5 x 10<:10 S or 5 x 10M0 5 ) and that the proportion 
of immune mice was low (6%) if the BCG: LSTRA ratio was 
high (5 x lOMO 3 ). 

Tumor cells that were frozen by an established procedure 
used for preservation of bone marrow in transplantation 
studies and assessed as an optimal procedure in several 
low-temperature biology studies (for review, see Ref. 24) 
were equally as effective in the vaccines as fresh tumor 
cells. This is contrary to the results of Bartlett et at. (1) who 
used glycerol as the freezing additive. Our cells were frozen 
in dimethyl sulfoxide and fetal calf serum. The striking 
difference, however, was the percentage of viability after 
freezing. Cell viability was approximately 90% after freeze- 
thawing. If for some reason viability fell below 80% during 
liquid nitrogen storage, the cells were discarded. In our 
opinion, the trypan blue exclusion test is a very conservative 
test of cell damage, and any trauma sufficient to render 
20% of the cells sensitive to trypan- blue may have severely 
damaged the remaining cells or altered their antigenicity. 
The viability of frozen cells in the experiments of Bartlett et 
ah ranged between 40 and 70% as determined by trypan 
blue exclusion. Thus, the difference in results with frozen 
L10 cells may be attributed to suboptima! versus optimal 
freezing conditions. Whether the 20.000-R X-irradiation 
dose of the tumor cells was an important aspect in the 
preparation of cells in vaccines is not known. However, 
studies are under way to test this point in this model since 
it is recognized that the use of 12,000 R is standard 
procedure for BCG-tumor cell vaccines in humans. 

Of the 3 basic vaccination schedules tested, the 2 that 
were consistently effective for all tumor burdens were I0 a 
BCG admixed with 10 7 110 followed by 10 7 alone on the 
opposite side or 2 separate injections of 10 a BCG admixed 
with 10 7 L10. The fact that BCG was not required in the 
second injection of the former schedule and the fact that 
multiple vaccinations did not improve therapy with respect 
to the latter schedule or with the less effective vaccine (10° 
BCG + 10 7 110) suggest that the critical aspect of any of 
the vaccination schedules is the initial dose of BCG. Follow* 
ing the initial treatment with BCG, effective systemic tumor 
immunity can be achieved with i,d. injections of tumor 
cells alone at a different site. 

A third vaccination schedule, which consisted of reintro- 
duction of the tumor immunogen into the Ld. site previously 
injected with BCG + tumor cells, was effective at lower 



tumor burdens (10*) but was less effective at initial tumor 
burdens of 10 5 . This is in contrast to a similar schedule in 
which the second tumor cell vaccination was in a different 
i.d- site. The rationale for the second injection of tumor 
cells in the BCG-infected site was based on the study of 
Hawrylko (13). in which the dimensions of BCG-potentlated 
antitumor response against the murine mastocytoma P815 
were investigated. One limitation that we found with this 
procedure was the difficulty in delivering the tumor cell 
inoculum in the previously infected dermal site. Early ulcer* 
ations of these injected dermal sites were limiting with 
respect to constant delivery of the tumor immunogen in 
the second injection. 

In this study we have shown that visceral micrometastasis 
induced by i.v. injection of L10 can be cured by the systemic 
effect of a tumor cell-BCG vaccine. These results confirm 
our previous studies on the immunological susceptibility of 
i.v.-injected L10 cells (9. 10). We have now demonstrated 
that a nontumorigenic vaccine can affect immunotherapy. 
These results demonstrate that there is a critical dose for 
BCG in the initial vaccination but that BCG is not essential 
in the subsequent vaccination and that optimum therapy 
could be achieved with 2 vaccinations separated by a 
period of 6 days. Furthermore, the induced tumor immunity, 
which can cure the majority of guinea pigs with microme- 
tastases is achieved by 2 vaccinations that require a total 
of 2 x 10 7 tumor cells (approximately^ 20 mg of tumor) 
administered over a period of 1 week" Also, the tumor 
cells, when frozen under established optimal conditions, 
maintain immunogenicity and can be used effectively in 
vaccines. 
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•rcinduction of potent hapten-reactive helper T 
1 activity and subsequent immunization with 
pten-coupled syngeneic tumor cells result in en- 
need induction of tumor-specific immunity 
x>ugh T-T cell collaboration between anti-hapten 
Iper T cells and tumor-specific effector T cells. On 
i basis of this augmenting mechanism, a tumor- 
rcific immunotherapy protocol was established 
which a growing tumor regresses by utilizing a 
tent trinitrophenyl (TNP)-helper T cell activity. 
H/He mice were allowed to generate the amplified 
ore potent) TNP-helper T cell activity by skin 
in ting with trinitrochlorobenzene (TNCB) after 
^treatment with cyclophosphamide. Five weeks 
er t the mice were inoculated intradermally with 
nsr *c transplantable X5563 tumor cells. When 
5 injected into X5563 tumor mass, an ap- 
w»e number of growing tumors, in the only 
*up of C3H/He mice in which the amplified TNP- 
Iper T cell activity had been generated were ob- 
rved to regress (regressor mice). These regressor 
ce were shown to have acquired tumor-specific T 
U-mediated immunity.. Such immunity was more 
tent than that acquired, in mice whose tumor was 
nply removed by surgical resection. These results 
Ucate that in situ TNP haptenation of the tumor 
Us in TNP-primed mice can induce the enchanced 
Aor-specific immunity leading to the regression 
a growing tumor. Most importantly, the present 
idy further investigates the applicability of this 
IP Immunotherapy protocol to an autochthonous 
mor system. The results demonstrate that an ap- 
edable percent of growing methylcholanthrenc- 
iuced autochthonous tumors regressed by the 
ove TNP Immunotherapy protocol. Thus, the pres- 
t model provides an effective maneuver for tumor- 
edfic immunotherapy in syngeneic transplanta- 
- as well as autochthonous tumor systems. 

3n the basis of the hypothesis of Mltchlson (1) con- 
ing manipulations that might augment tumor-spe- 
ic Immunity, numerous attempts to enchance the im- 
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munogenlclty of tumor-associated transplantation an- 
tigens (TATA) 3 by coupling additional antigenic determi- 
nants on the tumor cell surface have been reported (2- 
6). Helper T cells can collaborate with effector T cell 
precursors, such as cytotoxic cell precursors, to enhance 
immune responses against various' antigens including 
TATA (7). If additional determinants coupled onto the 
tumor cell act as helper determinants, it is therefore in- 
conceivable that prcinductlon of helper T cell activity to 
these additional determinants could Induce much higher 
anti-TATA Immune responses at the time of stimulation 
of tumor cells conjugated with the corresponding anti- 
genic determinants. 

We defined conditions under which enhanced immune 
resistance to tumors could be generated by preinducing 
trinitrophenyl (TNP) hapten-reactive T cells, and by sub- ^ 
sequently immunizing with TNP-coupIed syngeneic tu- 
mor cells (8. 9). This system is designed to induce the 
most efficient generation of tumor-specific effector T cell 
activity In vivo by virtue of the close linkage of hapten- 
reactive helper T cells and TATA-specific effector pre- 
cursor T cells in the microenvlronment at the time of 
stimulation with hapten-coupled tumor cells. Our pre- 
vious results demonstrated that the generation of potent 
TNP-helper cell activity after elimination of suppressor 
ceil activity was a prerequisite for amplified generation 
of In vivo protective immunity, and a T-T cell Interaction 
mechanism between TNP-helper T cells and anti-TATA 
effector T cell precursors was thus suggested to be essen- 
tial to such a phenomenon (10). These Tesiilts prompted 
us to establish an immunotherapeutic protocol In tiiihor- 
bearing animals in which such potent T^P-helper T ctlls 
were used, . > - 

In the present study, when TNP was introduced Into 
the tumor mass of tumor-bearing mice In which *:the 
amplified TNP-reactive helper T cell activity had Xbeen 
generated. In situ trtnitrophenylation of tumor cells re- 
sulted in a high incidence of complete regression -of grow- 
ing tumors. We demonstrated that the tumor regression 
was accompanied by the concurrent generaUoh'of a jx>- 
tent tumor-specific T cell Immunity, suggesting^ >> 
above T-T cell collaboration mechanism was functioning 
in this tumor Immunotherapy protocol. More importantly, 
the present study also Investigates. Whether such an im- 
munotherapeutic potential realized in the TNP-helper 

* Abbreviations used I n this paper: TATA, tumor-assoctated transplan- 
tation antigens: TNCB. trtnitrochiorobenzene: MCA. 3-methyIcholan- 
threne: Cy. cyclophosphamide: CTL. cytotoxic T lymphocyte: l.d.. Intra- 
dermal; DTH. delayed-typc hypersensitivity. 




TABLE I 

Comparison of acquisition of tumor-specific immuntty after TNP 
immunotherapy and surgical resection of tumor 



TNP IMMUNOTHERAPY MODEL 



Croup 



Mice 



A 
B 



Normal 

After regression of tumor 
by TNP immunothera- 
py* 

After surgical resection 
of tumor* 



InctoYnce of Rcstsuncc 
■gainst Tumor Challenge* 



0/10 

n/12 



2/10 



J^'n« rf^" enged , d : WUh l0 ' x1ab,e X55W ««nior cells, and 
*ekience of resistance was determined 3 weeks after the tumor chal- 

•C3H/He mice whose X5563 tumor repressed In the TNP Immunother- 
*C3H/He mice were Inoculated I d. with 10* xssfin f..««, ^ 

growth of metastasized tumor cells. Thus, the difference 
In Incidence of antl-X5563 Immunity between twogroups 
above Indicates more potent anti-X5563 Immune resist- 
,4nce was retained in mice whose tumors regressed bv 
virtue of the TNP immunotherapy. 

The development of stronger anti-X5563 Immune re- 
sistance In regressor mice was also confirmed by com- 
paring the tumor-neutralizing activity of spleen cells 
•mm these mice to that of mice whose tumors were 
surgically resected. Winn assay performed with these two 
*roi-- of spleen cells at a lower spleen to tumor cell ratio 

thatappreciablystrongertumor-neuiralizingac- 
^as generated In the regressor mice by TNP Im- 
munotherapy than in the mice that had tumors resected 
wrglcally (Table II). 

^ Additional experiments were performed to test the na- 

^t«f , SpCC,f,C,ty of the cffector mechanism acquired 
?y A&563 tumor regressor mice. Winn assays with the 
« of spleen cells from the regressor mice also demon- 
wated that these spleen cells resulted in complete neu- 

?eS^^^ 0 ^? 5563tUm0^Ce,1SWhcnadmtecd • b "tfailed 
a exhibit 1) tumor neutralization against X5563 tumor 

JuTc rES^ ° f J h « Sp,een ce,,s w,th "nU-Thy-1.2 
*» C (Table III), and 2) tumor neutralization against 
««her syngeneic tumor MH134 hepatoma (Tab1?rW 

KSESS^* thc regrcssor m,cc «" 

MppUcQtton qf the TNP Immunotherapeutlc protocol 
ISS^^^^J^. "* of 
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tumor system we extended this TNP Immunotherapy 
model to another transplantable, chemical carcinogen- 
Induced tumor (MCH-1-A1) system in which the tuSor 
was recently Induced In C3H/He mice by MCA and has 
t>cen maintained in our laboratory (less than 10 passages 
in vivo). A similar protocol to that performed In thVx5563 
tuwor system was used and the results are Illustrated In 
mSTi a\ ? ex l*rlment. TNCB InJecUon into the 
, n » mLk , ma , SS fr0m Cy^TNCB-palnted mice led 

o a high Incidence of tumor regression, in contrast to the 
lack of tumor regression when In situ TNP modification 
was performed in mice not primed to TNP. Thus, this 
TNP Immunotherapy system Is also applicable to another 

2??'? e ^' ShCd trans P |anl *ble. chemical carcino- 
gen-induced fibrosarcoma tumor system 

j; e )n S . ucce f ( ful regression of growing tumors in an 
MCA-lnduccd transplantable tumor system by using the 
TNP Immunotherapy regimen encouraged us to test the 
applicability of this Immunotherapy protocol to an MCA- 
induced autochthonous tumor system. The primary tu- 
mor was Induced in 500 female C3H/HeN mice at 8 wk 
of age by Injecting 0.5 mg MCA in 0.1 ml olive oil subcu- 

h a J?£rfi y - F ° Ur WCCkS after thc MCA 'noculatlon. one 
half of the group of mice received the combined treatment 
of Cy injection and TNCB painting, which was capable of 

lnduclngtheamplifledTNP-reactivehelperTcell activity 
and the remainder were untreated. The mice began to 
develop a primary, subcutaneous tumor about 8 wk after 

, on» C V reatmCnt - At 9 Wk the M CA injection. 20 
to 30% of mice in both TNP-helpcr-posIUve and -negative 
groups bore a tumor in the range of 6 to 9 mm In diameter. 
Histological examination of 10 autochthonous* tumors 
randomly selected (five mice in each group) revealed that 
all were fibrosarcoma. Mice that did not receive tumor 
wf^ n . WCre co,,ccted and «ch group was randomly 
divided Into two groups depending on whether mice were 
•tmoo V th thc ,ntratun ">ral Injection of 0.15 ml of 1 % 
INCB. Therefore, the experiment consisted of four 
groups: group A: MCA Injection only: group B: MCA lnlec- 
t on^ ntratumoral TNCB Injection: group C: MCA Injec- / 
tlorwthe combined treatment of Cy plus TNCB painting- 
and group D: MCA lnjectlon-4he above combined treat^ 
ment for priming of potent TNP-helper T cells— »intratu- 
moral TNCB Injection. The tumor growth of four groups 
of animals Is shown In Figure 3. Most tumors in three 
groups of mice (groups A. B and C). except for only one 
anirna in group B. continued to grow until the animal 
died, although the growth rate exhibited varied patterns 



^«if^«f /il ysfem - In Process of 

6 aucca autochthonous ImportanUy. however, an appreciable number (11 of 25) 

^"Vxwsoi. oj tumor-neutrotlztng activity between ,„i, M J**"*. ° 

^S^JS^S^T^ ™ an*/™ m <ce 




"on of tumor by TNP Immunotherapy* 
^ -ai resection of tumor* 

^*^°i^ U o m0r b y™' m ™notherapy 



100:1 
100:1 
100:1 
10:1 
10:1 
10:1 



5.8* 1.3 
<3.0 
<3.0 

4.6 ± 0.9 
<3.0 
<3.0 



9.6 ± 1.0 
<3.0 
<3.0 

9.3 ± 0.9 
<3.0 
7.5 ± 0.5 



13.5 ±0.3 

<3.0 

<3.0 

12.5 ±1.0 
5.0 ±1.5 
10.3 ± 1.2 



••• f 
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K> 20 
Days after TNCB Ejection 



30 



FtgmS. Induction of tumor regression In MCH-I-A1 tumor- beartru? 

TcSS^^tT^™" rCg(men - ^ ^-££3 
™ ^5?"^ lrcatmcnl of °y Injection and TNCB painting. Five weeks 
aitex TNCB painting, mice were Inoculated l.d. with 10' viable MOM -A I 
tumor cells. The In stm TNP haptenatlon Identical to that In Fig I was 

£nvT^ \? ^""J*" ""*u»atlon. Tumor growth was Individ- 

ually scored and expressed by tumor diameter ( ). Tumor growth In 

control groups was expressed by mean diameter ± SE of seven mice per 
group ,0—01. tfr—Ai and (O— □) lnd!cale tumor ^ 1n ™££ n r 
only tumor cell Inoculatlon-Wn situ TNP haptenatlon. and the above 
combined treatment for TNP priming-tumor ceil Inoculation, res pec - 



Tcell Immunity was more potent in the tumor-regressed 
than in mice whose tumor was surgically resected 
Juld also be noted that X5563 tumor-specific im- 
-wunity, which had been acquired In tumor-regressed 
mice, was mediated by anti-X5563-TATA-speciflc Lyt- 
1-2-. but not by Lyt-1"2* T cells, indicating that the 
tumor-specific Lyt-1*2" T cell population whose genera- 
lion was augmented through collaboration with TNP- 
epeciflc helpers primarily exhibited a protective effect (T 
Yoshioka. H. FuJIwara. and T. Hamaoka. manuscript in 
preparation). Because these Lyt-r2" T cells exhibited no 
cytotoxic effect on X5563 tumor cells in a 4-hr 5, Cr- 
release assay, further studies are in progress concerning 
TOJnechanismsof anti-tumor-specific Lyt-r Tcell func- 
usn In eradicating tumor cells in vivo. 

Thcmost interesting and Important finding m the pres^ 
cm study (which has not been reported In other tumor- 
«^ r ( !u minU ? 0thcrapy "P^mentsl is the demonstra- 
tor* of the applicability of this TNP Immunotherapy pro- 
jocol to an autochthonous tumor system. This finding Is 
^rthy of discussion from two perspectives. First, the 
?" T NP ,mmun °therapeutic potential allows 
w taducuon of tumor regression to an appreciable pro- 

^^Inautr^hthonousasweUastransplanUbletumor 
S,!. ClCarly Sf has,2cs thc vaIld ^y of this TNP Im- 
^o^erapy model on the basis of the T-T cell Interac- 
ts l£n^\™\ C0Uld a,SO P rov,dc a theoretical 
S^S 1 ! 5 cl, " ! ^^PPn>aches In which skin mall* 
^cies wereuxated by haptenic reagents (16). Although 

t suitable for the in situ modification of human 

*"S^SS! Py somctypcsof cI, n«cal tumors such as 
•wS^li 1 . rcma,ns to be proven why 14 of 25 of the 




8 9 10 11 12 



We*ks after TNCB injection 
imm.™f»?* Rc € rcss,on of growing autochthonous tumors bv thc TNP 

of Cv iSiSin^" H°™^o kS UtCr ' mlCC vcd lhc combined treatment 
MC^inSn Z i%l£ lnUn ? H™** C and D). Nine weeks after 
n«uslv SSS?;?" , ""I?? 08 ln ° 1,Ve 0,1 was adl »^"«J Into subcuta- 
MCA S aut f hl J? 0 ™" tumors of groups B and D. Croup A was 
or« J2^u n " 2? Iy * Tum ° r growlh vas ! ndMduaiIy scored and ex- 

tl^tPcS^SV*?"' T r Um ° n ,n a " V™** lhal ~ chcd * '«-■"■" 
S Cr P !° ?, '"""J 10 S 110 *' for as many as 8 wk ultimately killing the 
animal. For limitation of the scale, such stage of growth was omitted. 

TABLE V 

Summary o f incidence of tumor regression and mean survival tlmf 

Treatment . _ . , 
_ Incidence of MeanSurvtvm) 

p TNP-Th TNCB Tumor Time 

Induction Inject Ion Regression (weeks ± SE) 



No. 
Dud Mice 



A 
B 
C 
D 



0/20 13.00 *0.75 20 

1/20 11.32 ±0.55 19 

0/20 13.60 ±0.58 20 

U/25 12.90 ±0.68 14 



^ cnnl "?! 20 wk ** itT Injection of TNCB Into autochthonous tumor 
and expressed by mean survival Ume of dead mice at this stage, 

been assumed that most of tumors bear TATA (17, 18). 
the qualitative diversity and quantitative heterogeneity 
In the expression of each putative TATA on an autoch- 
thonous tumor cell has not been well determined. Further 
experiments are therefore required to determine whether 
the tumor-specific immunity is In fact acquired In mice 
whose autochthonous tumor has regressed and how pu- 
tative TATA In each individual autochthonous tumor 
qualitatively varies, and to Investigate the relationship 
between the immunogenicity of the autochthonous tumor 
and the prognosis of the tumor-specific Immunotherapy. 
Such approaches are In progress by challenging the au- 
tochthonous tumor cells obtainrxi hv ^YHc(Ar»oi k< 
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Recently _we. have demonstrated -the -induction of allogeneic- 
^-HuuizMt cytolytic T lymphocytes (CTL) 3 using purified plasma 
membrane* rather than intact cells as stimulatory agents (1). 
In thk report we extend the use of such subcellular preparations 
to study the requirements for hapten-specific syngeneic CTL 
induction. Mfrnhranes ^preparjedJIrpm trinitrophenyi (TNP) 
^coupled syngeneic tumor cells retain the^bQity to stimulate 
both-* primary and secondary CTL response. The CTL that 
are generated are restricted in their lysis to target cells bearing 
the same H-2 antigens as those present on the TNP-coupled 
stimulating membranes. 

MATERIALS AND METHODS 

All materials and methods used in the in vitro induction and 
assay of TNP specific CTL are as previously described (2). 
Briefly, 7 X 10* spleen cells fr om nonimmune or immune mice 
were co-cultured with x-irradiated, TNP-coupled spleen cells or 
TNP-coupled membranes. After 5 days of culture cells were 
harvested and cytolytic activity was assessed in a 4-hr assay 
against 10* * l Cr-labeled TNP-coupled tumor targets or LPS 
blast c^n targets. Immune spleen cells were obtained by priming 
mice aabcutaneously with 2 x 10 7 TNP-coupled autologous 
spleen cells 2 weeks before in vitro culture. Membranes used in 
stimulation of CTL were prepared from TNP coupled DBA/2 
mastocytoma P815 (H-2* 1 ) tumor cells or from TNP-coupled 
C57BL/6 (B6) leukemia EL-4 (H-2 6 ) tumor cells. Purified 
plasms membranes were used for CTL induction in the exper- 
iment described in Table L The results presented in Tables II 
and HI were obtained by using partially purified plasma mem- 
branes referred to as "high speed pellet" in Reference 1. Spon- 
taneous iJ Cr release ranged from 30 to 39% for LPS-induced 
blast cell targets and from 11 to 19% for tumor cell targets. 
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RESULTS 

Plasma membranes prepared from TNP-modified tumor cells 
were^festedfor their ability to stimulate both primary and 
secondary CTL responses by using H-2 syngeneic responder 
cells. As demonstrated in Tables I and H, such membranes 
were active in the stimulation of primary and secondary hapten 
specific CTL CTL generated by coupled membranes are tfmil.r 
in specificity to those generated by coupled cells in that they 
preferentially lyse syngeneic target cells (2-4). These mem- 
branes stimulated variable amounts of cross-reactive lysis on 
TNP coupled allogeneic target cells. B6 spleen cells stimulated 
with TNP-EL-4 membranes did not lyse targets that did not 
bear TNP. Lytic activity was not induced when B6 spleen cells 
were co-cultured with uncoupled EL-4 membranes. 

It has been recently demonstrated (5, 6) that cells incubated 
with TNP-coupled proteins are capable of stimulating a hapten- 
specific cytolytic response that is restricted to target cells that 
are H-2 identical with the responder cell population. Therefore, 
it was important to determine if stimulation by the membranes 
was dependent on the H-2 antigen present on the membrane, 
or whether the membrane proteins were simply contributing 
the hapten that was then recognized in conjunction with the H- 
2 antigens of the responder cell population. B6D2F! (H-2 b/d ) 
immune spleen cells were stimulated with either TNP-EL-4 
membranes or TNP-P815 membranes and the specificity of the 
resultant CTL was studied. It would be expected that if the H- 
2 present on the membranes did not influence the specificity of 
the CTL, then in either case the CTL would lyse both B6-TNP 
(H-2 b ) and B10.D2-TNP (H-2 d ) targets to a similar extent. As 
is shown in Table m the CTL preferentially lyse target cells 
that bear the same H-2 antigens as the TNP-membranes used 
in CTL stimulation. Similar specificity was obtained with CTL 
resulting from stimulation of nonimmune B6D2Fi spleen cells 
(Table H). These results indicate that both the TNP and the 
H-2 antigens present on the membranes determine the specific- 
ity of the CTL population. 

DISCUSSION 

The results described above extend the use of subcellular 
material to the study of CTL recognition in a chemically 
modified syngeneic system. The results demonstrate the capac- 
ity of membranes prepared from TNP-modified tumor cells to 
induce primary and secondary CTL having the sam< ipecificity 
as CTL that are induced by TNP-coupled cella,:3&* ability to 
stimulate B6D2F t CTL that are restricted in tf^^ecoenrbon 
to the H-2 antigens present on the stimulate |Q* m hrane 
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TABLE I 

Specificity of secondary (BALB/c X DBA/2)Fy (Hf) CTL 
stimulated by TNP -coupled membranes 




% Specific "Cr Relcax 



Stimulator* 



P815-TNP (H.2*> EL-4-TNP jH-?) 



25/1* 12.5/1 



25/1 12.5/1 



Experiment 1 



12-pg membranes 
24 -/ig membranes 
72-ii% membranes 

Experiment 2 



BALB/c-TNP cells 
3 -jig membranes 
10- membranes 
30-jig membranes 



19 
32 
44 



9 
19 
24 



• Membranes used for this experiment were purified plasma mem- 
branes obtained from TNP-coupled P815 tumor cells (1). 

* Effector to target ratio. 

TABLE n 



Induction of primary (C57BL/6 


x DBA/2)F X (H2"*) 


CTL by TNP- 


coupled 


membranes 






% Specific * 


'Cr Release* 


Stimulator" 


B6-TNP (H-2 6 ) 


B10.D2-TNP 




(H-2 - ) 




7 


7 


B6-TNP cells 


64 


34 


24~pg membranes 


28 


12 


75-pg membranes 


33 


6 


150-pg membranes 


38 


6 
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a requirement for direct haptenizatioQ of H-2 to stimu 
it is clear that TNP-membranes are antigenically 
TNP-cells rather than TNP-proteins. 

It is also of interest to consider these results as they addreat 
the mechanism of CTL stimulation by subcellular materi^g? 
The possibility exists that stimuS&on of CTL by ^b<^fla^ 
preparations occurs via presentation of antigen by intact ce5ff*^ 
present in the cultures (e.g., macrophages) rather than by direct 
interaction between the membrane vesicle and pre-CTL. It » 
clear that if indeed material must be presented by viable cells 
to be antigenic, these cells do not deterrnine the specificity of 
the resulting CTL. 

Ozata and Henney (6) have reported that membranes from 
TNP-coupled spleen cells failed to induce a secondary syngeneic 
CTL response whereas the results shown in Tables I and II of 
this report clearly show that membranes from TNP-coupled^ 
tumor cells can induce a specific secondary response. TTiiflf " 
discrepancy might be accounted for by the difference in cell 
type used as a membrane source. 

The ability to stimulate CTL with TNP-modified membranes 
opens the possibility that we will be able to isolate, in a soluble 
form, TNP-modified membrane proteins that retain biologic- 
activity (Le., the ability to induce CTL) (8). One could theu^ 
determine whether an effective immunogen is created by TNP- ~ 
modified non-MHC proteins that interact with H-2, or whether.;:, 
direct chemical modification of H-2 antigens creates the im- 
munogen, or whether both possibilities exist. 

SUMMARY 

Evidence is presented that trinitrophenyl-coupled tumor 
membranes are able to induce cytolytic T lymphocytes (CTL) 
when co-cultured with syngeneicspleen cells. These haptenated 
membranes stimulate spleen ce igfrom naive and immune mice. 
The specificity of these CTL ia&termined by the H-2 antigens 
of the membranes used for stimulation. 



59 


38 






31 


19 


19 


12 


63 


61 


40 


14 


31 


16 


13 


8 


41 


19 


17 


11 


63 


40 


22 


14 



TNP-coupled EL-4 tumor cells (H-2 b ). 

'Effector to target ratio is 50:1. Target cells were LPS-stimulated 
blast cells. 

TABLE in 





Stimulator 


% Specific "Cr Release 
Targets* 


Responder 


B6-TNP 
(H-2 6 ) 


B10.D2- 
TNP (H-2 - ) 


Primed B6D2F, (H- 




6 


9 


2 b/d ) 


75 /ig EL-4-TNP 
membranes 


29 


10 




84 fig P815-TNP 


16 


32 




membranes 







cells. 

preparations indicates that induction results from recognition 
of both the H-2 and the hapten on the membranes and not from 
haptenated protein(s) from the membranes that associate with 
the responder cells. In this regard, TNP membranes are similar 
in their inductive capacity to TNP cells. It has been previously 
reported that H-2 antigens need not be directly haptenated in 
order to obtain a CTL response. Recent experiments that have 
utilized TNP-coupled serum proteins to stimulate TNP -specific 
CTL have argued against the contention by Forman et aL (7) 
that only TNP present on H-2 is antigenically active. Although 
the experiments described above do not address the question of 
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